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ABSTRACT

This report is Volume 4 of nine volumes of the final report on "Synthesis of Calcu-
lational Methods for the Design and Analysis of Radiation Shields for Nuclear Rocket Systems”.
Presented in this volume is a description of the neutron and gamma ray point kernal attenuation
program (KAP-V).

KAP-V is a computer program written in FORTRAN IV language. The program employs
the point kernel method to calculate radiation levels at detector points located within or out-
side a complex radiation source geometry describable by a combination of quadratic surfaces.
This program can be used, for example, to calculate gamma ray and/or fast neutron flux, dose,
or heating rate. The attenuation function, or kernel, for gamma rays employs exponential
attenuation along with a build-up factor. Three optional fast neutron attenuation functions
are included: (1) a modified Albert~Welton function for calculating fast neutron dose rate
using removal cross sections; (2) a bivariant polynomial expression for computing neutron
spectra using infinite media moments data; and (3) a monovariant polynomial expression for
computing neutron spectra using infinite media moments data. The program also handles either
cylindrical, spherical, disc, line, or point sources. A variety of options are available for

describing neutron or gamma ray source distributions in complex geometries.
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SECTION
1.0 INTRODUCTION

This report is Volume 4 of the nine volumes of the final report on "Synthesis of
Calculational Methods for the Design and Analysis of Radiation Shields for Nuclear
Rocket Systems." Presented in this volume is a description of the neutron and gamma
ray kernel attentuation program (KAP-V).

The KAP-V program is an integral part of both the "early" and "final" design
radiation analysis methods provided for the Marshall Space Flight Center under this
contract. A simplified schematic diagram of each method is shown in Figures 1 and 2.
Both methods are fully described in Volume 1 of this report. The starting point for both
methods is the POINT program (Volume 2) which prepares cross section and other basic
data for use in the transport programs.

in the "early" design method (Figure 1), the TAPAT program system (Volume 3)
computes one dimensional neutron and photon energy fluxes in the reactor geometry.
From these fluxes, neutron and photon energy sources and distributions are obtained and
are used as input to the KAP-V program. The KAP-V program (Volume 4) provides gamma
ray and fast neutron radiation levels at locations external to the reactor. Radiation levels
from the KAP-V program at a specific radial distance from the center of the reactor can
then be employed in the TIC-TOC-TOE program (Volume 5) for calculating radiation
quantities of interest in an on-axis liquid hydrogen propellant tank.

In the "final" design method (Figure 2), the ODD-K two dimensional transport
program (Volume 6) provides neutron and photon energy fluxes throughout the reactor
geometry. The NAGS data processing program (Volume 7) processes these fluxes and
calculates neutron and [.;hoton radiation levels and neutron and photon energy sources
within the reactor system. These sources can be employed in either the KAP-V program
(Volume 4) or the FASTER Monte Carlo program (Volume 9) for obtaining radiation levels

at locations external to the reactor system. In addition, the FASTER program can compute
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heating rate distributions in the liquid hydrogen propellant (in either an on-or an off -axis
tank) and the radiation level at the payload. Alternately, the DAFT program (Volume 8)
can prepare neutron and photon energy and angular dependent fluxes at the reactor surface
from the ODD-K program for use in the FASTER Monte Carlo code.

Extensive radiation analysis at Westinghouse Astronuclear Laboratory indicated
that a point kernel program was needed which included the desirable features of both the
Los Alamos Scientific Laboratory QAD program series(]) <(J2n)d the General Electric Aircraft

Nuclear Propulsion Department programs, 14-0 and 14-1 This same conclusion was

noted in a previous study(3) performed for MSFC. The KAP-V program was formulated
initially at WANL in FORTRAN ||(4), employing the QAD geometry routine as the only
intact routine from the QAD IV program. Many features requested by KAP program users
at WANL were incorporated in the program between 1963 and 1966, at which time work
on the latest version, KAP-V, was initiated under the present contract. The entire
programming effort on the KAP-V program was directed at producing a point kernel
program which was a useful and efficient computer program in FORTRAN |V computer
language. The present version of the KAP-V code is operational on the IBM 7094 Model
Il at WANL and MSFC, and on the CDC 6600 at the Westinghouse Telecomputer Center
in Pittsburgh.

KAP-V is a point kernel program designed to calculate the radiation level at
detector points located within or outside a complex radiation source geometry describable
by a combination of quadratic surfaces. The program evaluates the material thicknesses
intercepted along the line-of-sight from the source point to the detector point. These
material thicknesses (or path lengths) then are employed in attenuation functions to cal-
culate the flux, dose rate, or heating rate at the detector. The attentuation function for
gamma rays employs exponential attenuation with a buildup factor. Three optional neutron
attenuation functions are included: (1) a modified Albert-Welton function for calculating
fast neutron dose rate using removal cross sections; (2) a bivariant polynominal expression
for computing neutron spectra using infinite media moments data; and (3) a monovariant

polynominal expression for computing neutron spectra using infinite media moments data.
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The program also handles either cylindrical, spherical, disc, line, or point
sources. Different source distributions may be employed for neutrons and gamma rays.

A variety of options is available for describing the source distributions. The source
distributions are assumed separable along the axis and radius of cylindrical ~type source
regions and independent of the azimuthal angular position for either spherical or cylin-
drical sources. An option is provided to describe azimuthal source density variation by
specifying input data for discrete point sources.

Specific desirable features which have been incorporated in the KAP-V program
are:

(1) Input data preparation has been simplified to allow minimum input for
running "stacked" cases.

(2) The program uses the "point-in-region" concept to calculate the boundary
surface -zone relationship ("ambiguity index") which is required as input in other point
kernel codes.

(3) A routine is included in the program to calculate gamma ray mass absorption
coefficients for up to twenty elements as a function of input gamma ray energy which
eliminates a great deal of the previously required input data.

(4) A routine is included in the program to calculate the cubic polynominal
coefficients for buildup factors as a function of input gamma ray energy from a library
of bivariant polynominal data.

(5) A routine is included which will interpolate a closely—spaced source distri~
bution (obtained from a discrete ordinate transport or diffusion theory source calculation)
to a source mesh description more amenable and economic to point kernel calculations.

(6) A routine is included which calculates and normalizes point source strengths
for a variety of source geometries and functional variations of source distributions.

(7) Input data are checked for consistency to eliminate many erroneous calcu-
lations that can occur if input data for a problem is incomplete.

(8) The program has the capability to calculate fluxes and /or other radiotion

responses such as heating rates at multiple detector points for each source region.
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(9) The program has no set limit on the number of source regions which can be
run in a single problem. This feature is handled as a set of stacked source region problems.
The program computes the summation at each detector point of the neutron and/or photon
radiation from each source region.

(16) The program allows the user to input separate source distributions for neutrons
and gamma rays within the same source region.

(11) The program eliminates unnecessary response function computations by
accumulating flux data as a function of detector point and group during the calculation
for each source region. Calculations for up to ten response functions are performed only
at the completion of each source region calculation and/or at the completion of source
region problems.

(12) An option is included for calculating the flux at a detector located within
a gamma ray source region. This option circumvents the numerical difficulties introduced
by the "inverse square law, " when a source point is too close to the detector.

The KAP-V program, with the above features, has proven to be an efficient tool
for the analysis of fhe}rqdia'rion environment produced by reactor sources. Comparisons,
presented in Volume 1, between KAP calculations and NRX experimental radiation en=-
vironment, and between Monte Carlo and transport calculations, give added confidence
to point kernel analysis, provided that the code is judiciously employed.

The computer time required for running a "typical" problem is difficult to
evaluate. The running time is dependent primarily upon the number of zones and associated
boundaries along the path between each source and detector point. A complex problem
run on the IBM 7094 computer required an average of 0.0l seconds per source point for
each detector point. This complex geomeiry contained 44 zones and 32 boundaries.

Section 2 gives a more detailed description of the program, including the geome-
try, sources, and attenuation kernels. Section 3 briefly describes the logic of the KAP-V
program. Input data instructions are presented in Section 4, and the output data is described
in Section 5. A sample problem, along with an actual print-out of the results, is given in

Section 6. The FORTRAN 1V source program is listed in the Appendix.
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SECTION
2.0 PROGRAM DESCRIPTION

2.1 GEOMETRY

The KAP-V program requires the following information in order to perform geometry and

material calculations:

1) Zones (or regions) which are described by intersecting surfaces

2) Geometric surfaces which are described by various equations

3) Materials in the zones which are described by a material composition table

4) Nuclear properties of the materials.

Based on this input data, the KAP-V program calculates the "line-of-sight" distance
(path length) through each material in each zone between each source point and the detector
point.

Subsequent sections describe the techniques used in describing and solving geometry

dependent quantities for a KAP-V problem.
2.1.1 Surfaces

The geometry of the problem can include the following types of equation surfaces:

1) Equations of a surface of revolution about any x, y, or z coordinate axis.

2) Equations of a plane normal to the x, y, or z axis of the reference system,

3) Equations of an elliptic cylinder about any z axis.

4) Equations of any quadrature surface by specifying appropriate equation coefficients.

To simplify the geometry input description, the program contains specific forms of the
quadratic surface equations. Each of these equations are identified by an equdi‘ion number,

The equations available are as follows:

A(X2)+ B(Y2)+C(22)+ XOX+Y0Y+ ZOZ-D =0 (NEQBD = 1)

A (=X )% + B(Y-Yy)2+ C (2-2)%-D = 0 (NEQBD = 2)

A(x-x0)2+ B(Y-Y)?-D =0 (NEQBD = 3)

X-D =0 (NEQED = 4)
7
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Y - = (NEQBD = 5)
Z-D =0 (NEQBD = 6)

The quantities A, B, C, XO’ Yo, ZO' and D are input parameters for the surfaces in a
problem. The surface equation number defines the necessary parameters. The user specifies the
equation number, NEQBD, and only those parameters necessary to solve the respective surface
equation.

The surface defined by NEQBD =4, 5, and 6 are planes normal to each of the coordinate
axes. NEQBD =3 is the equation for a cylindric surface with its axis parallel to the Z axis.
NEQBD = 2 is an elliptic surface which, by specifying the A, B, and C coefficients properly,
can describe elliptical cylindric surfaces with their axis parallel to each of the coordinate
axes. NEQBD =1 is a form of the general quadratic equation. By proper manipulation of the

coefficient of a quadratic equation defining a surface, one can calculate the required coeffi-

cients A, B, C, D, XO’ YO’ and Zo.

The equations shown above require that all parameters must be in units consistent with the

nuclear properties of the zones.

The maximum number of surfaces that can be employed in a KAP-V problem is limited to
100.

2.1.2 Zones

A zone is defined as a region containing a homogeneous composition of materials and is
bounded by a set of geometrical surfaces as defined by the surface equations. Geometrical
surfaces described in a problem geometry are used to define the exterior boundaries of zones in
a problem. Each zone is described as a volume bounded by as many as six intersecting surfaces.
The boundary surfaces of a zone are designated by the geometric surface numbers.

KAP-V uses the "point-in-region" technique to assign the boundary surface-zone relation-
ship values to each of the zone boundary numbers, since the relationship of the zone with respect
to each of its boundary surfaces must be known for a KAP=V geometry calculation. This relation-
ship is designated by the sign (plus or minus)  the zone boundary number and is called the

"ambiguity index". The ambiguity index defines the position of a zone with respect to the zone
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boundary surface as being an interior (+) or exterior (~) zone. In complex geometries, the
assignment of ambiguity indices by the program user is difficult and time consuming. To circum-
vent this problem, the KAP-V program requires as input the Cartesian coordinates of a point
X, Yp’ Zp) within each zone. Using these point coordinates, the designated surface numbers
(LBD) for each boundary of a zone, and the equation number (NEQBD) of the surfaces, the
calculation of the ambiguity index is straightforward. The surface equation and the coordinates
(Xp, Yp' Zp) define the quantity, V, for each particular equation number (NEQBD =1 through
6).

Vo= AKX - X2+ B(Y - YO)2+ c, - zo)2+ XoX,+ Yo¥_+ 22 =D (NEQBD =1)
V = A(Xp - x0)2+ B(Yp - Y0)2+ C (zp - 20)2 -D (NEQBD = 2)
Vo= X - X% (v - vp?- D (NEQBD =3)
V = xp -D (NEQBD = 4)

=Y -D (NEQBD = 5)
V=2-D (NEQED = 6)

The sign (+) of the quantity V determines the ambiguity index of the boundary surface of the
zone. This ambiguity index is assigned to the boundary number LBD. If V is negative, the zone
is internal to the boundary surface and the boundary number LBD is given a positive sign.
Similarly, if V is positive, the zone is external to the boundary surface and the boundary num-
ber LBD is given a negative sign. The ambiguity index calculation is performed at the beginning
of each KAR-V source region calculation, and the computed signs are used for all geometry cal-
culations for this source region.

External zones can be described by a single boundary surface. External boundary surfaces
of external zones need not be defined. An external zone is recognized by the program if the
sign of the boundary is a negative number. The sign of the boundary number of an external zone

must be input by the program user.

2.1.3 Geometry Calculations

The geometry calculation begins with the computed Cartesian coordinates of a source
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point ( XS’ YS' ZS) and a detector point (XD, YD, ZD). These coordinates are computed as

follows:

where:

X. = R, cos 4]

S i k,i
YS = Ei sin -e-k,i Czlindrical Source Point
ZS = Zi
or:
XS = Rl cos gk,i sin ¢i
YS = ﬁl sin §k : sin ;i Spherical Source Point
ZS = Rl cos ¢i

D D D
YD - RD sin gD Detector Point
ZD = ZD

Ei = the geometrical mean of the source interval bounded by the

radii Ri and Ri Y i.e.,

2 +R2
R = it+t1 i
i 2

8, . = the arithmetic mean of the azimuthal source interval for each

k,i
radial interval, i, bounded by ek,i and Qk Y i.e.,
'é' - ek +1, 1 +8
k, i 2

k,i

10
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7] = the arithmetic mean of the axial source interval bounded by Zi and

Zi+ 1 i.e.,

7 o= 41 i
i 2

;i = the arithmetic mean of the polar source interval bounded by ¢i and

¢i by e

RD = the radial coordinate of the detector point (input to the problem)
QD = the ozimuthal coordinate of the detector point (input to the problem)
ZD = the axial coordinate of the detector point (input to the problem)

The total "line-of-sight" distance, p , between a source point and a detector point,

and the direction cosines (o, 8, y) are then computed as follows:

2

_ _ 2 v 2 _
"'\l(xo Xg)=+ (Yp = Yo) "+ (Zp = Zg)
Xp = X
a: _—5——
Yo =Y
b~ s
B= -
4y L
= P

The next step in the geometry calculation is to obtain the path length, P, traversed in
each region along the "line~of-sight". This calculation begins with the coordinates of a "pseudo-
point" (Xl , YI , Zl ), along the "line-of-sight" which is related to the original source point by
the input value, FUDGE, designated by A. This calculation is performed as:

X =XS+aA
Y =YS+ BA
Z =ZS+7A

11
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This pseudo-point, X' Y' Zl), is used in conjunction with input zone boundaries, sur-
face numbers, surface equations, mput surfoce parameters, and the source zone number to
calculate the correct zone in which X Y , and Z lies. The actual operation performed is
a cyclic calculation of the quantities, V| - for each boundary, b, of the source zone, Z. The

cyclic calculation begins in the zone specified by the input value, 1Z50. The values of

VbZ depend on the equation number NEQBDb of boundary b, and follow as:
Vi = AKX = X2+ BOY_ = Y0)2+ C(Z - 292+ XgX_+ oY + ZZ =D,
bz p O p O p O 0p 0'p 07p
Vyy = A(X - Xo)2 +B(Y, - Y0)2+ c(z,- 20)2— D,
Vpgy = X - Xg)? - (v, - \ARE
V,, = X -D,
Vy, = Y -D,
Vpz = Z,-D.

If the sign of the quantity, VbZ’ and the sign (ambiguity index) of the boundury surface
number LBDbZ, are of opposite sign for all boundary surfaces, the point (X Y Z ) lies
within the region or zone , Z. If the point does not lie in the 1ZSO zone, the program searches
the zones in a specific order as follows: 1ZSO + 1, 1ZSO + 2, weeeeeneee up to the number of
zones, NREG; then |t begms wn-h Zone 1, 2, etc. up to 1ZS0-1. If a zone is found which
contains the point (X Y Z ), the calculation proceeds to the next geometry calculation
step. If no zone can be found which contains the point, the region calculation is terminated
by printing an error statement along with the resulis for source regions preceding that one in
which the error occurred..

The next step in calculating the path length in each region involves the analytic solution
of distances from the point (X' ’ YI , Z' ) to each boundary surface of the zone. The solution
is obtained by solving the boundary equations for the point of intersection of the "line-of-sight"
and the surface in question. These distances to each boundary are sequentially tested, and

the mtmmum dlstance in the correct direction is selected as the distance from the "pseudo-

point", (X Y Z ) to the correct boundary. This quantity is defined as PZ

12
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At this point in the calculation, the correct path length in the zone is calculated as:

]
= P
pZ Z+A

The material path lengths, P for each material, m, are immediately calculated as cumulative

sums from P and composition material matrix values, emc' as follows:

P =pd}‘pZ'emc
4

In the above equation, ¢ is the specific composition of the zone, Z, (quontifies,em' ot are
discussed in the next section), and p is set to zero at the beginning of each source-to-detector
calculation. The final operation in the source zone path length calculation is the starting
point for obtaining the next zone (along the line~of-sight) path length. The input values,
NTRYZNb 7 determine the "most probable" zone entered upon crossing boundary, b, of

the zone, Z. With the last calculated value of P @ nEW "pseudo-point" along the line~of-

sight is calculated as:

X =X +ar

Z
1 [
Y =Y+sz
1} ]
4 =Z+ypz

These current "pseudo-point" coordinates and the zone number, NTRYZsz, are used in the
operations described above in calculating data for the next zone traversed in the source-detector
"line-of-sight". The data of:

1) the correct zone,

2) the zone path lengths,

3) the new material path lengths, and

4) the zone entered upon crossing the correct boundary
are obtained for each zone along the line~of=sight. This cyclic procedure (calculation of
zone path length) continues until an "outside zone" is reached or until the detector point,

(XD, YD' ZD), is reached. At this point in the program, the total material path lengths,

13
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ps ON this particular source-to-detector "line-of-sight" are known, and hence the material
attenuation functions and the source point detector flux can be evaluated. This source point-
to-detector point calculation is repeated for each source point in a source region until the

entire source region is accounted for.
2.2 MATERIAL AND NUCLEAR PROPERTIES

The contents of the KAP-V regions are described as homogeneous mixtures of constituents
(elements or materials). These elements or materials, which may be used in as many regions
as desired, are defined by a matrix of numbers, gm,c' The quantities, Gm’ o describe either
the density or the volume fraction of each constituent, m, in each composition, c. The density
(weight of material/region volume) is used, for example, if the mass gamma ray absorption
coefficients in units of cm2/gm are employed. Volume frdcﬁons, i.e. the fraction of the
region volume occupied by an element or material in a region composition is used, for example,
if linear gamma ray absorption coefficients in units of cm-1 are input to the program. The
maximum number of compositions is limited to fifty, each consisting of a maximum of 20 con-
stituents (elements or materials). An example of this matrix is shown in Table 1.

The data in the matrix, 8~ , are used in the geometry calculation to obtain the total

14

thickness density, gm/cm”, if Qm c is in unifs of gm/cm3, or total thickness, cm, if Gm c
I 7

is input as volume fractions. This operation is as follows:

P ZZ: em,c : pZ
where the composition number, c, is specified as being in zone, Z

Values of p are used in calculating the neutron and/or groupwise gamma ray penetration
depth for each source to detector path length through each element or material, m.

A "void" is defined as a composition with zero density or volume fraction for each con-
stituent in the matrix. _

Nuclear data, such as gamma ray attenuation coefficients in a KAP-V problem are
required for each constituent (element or material) in the material matrix. Specifically,

required nuclear properties are the groupwise gamma ray mass or linear absorption coefficients,

14
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TABLE 1

ELEMENT OR MATERIAL COMPOSITION MATRIX (QM C)
!

Element or Material Number, M ——e

1 2 3 4 ) ) .. .. ) . MAT
o ! @, 9 9,0 84 : . - S . * Smar, 1
3 2 6, o, S2 S . ) .. . i . Ot 2
=3
23 9, o, S5 S . ) .. . ) . Oyar,3
§
g . .
&
LU
NComp €1, Ncomp 95, Ncomp ) ) .. . . SMmaT, Ncomp
), Ncomp S, ncome
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(/e )m' or { s and the mass or linear neutron removal cross sections, (Z/p )m orEm. The
user must input (or compile from the library as discussed in Section 2.6) these quantities in
dimensions consistent with the material matrix quantities, Gm ' For example, if (u/ )m and

'4

(?‘../p)m are input in units of cmz/gram, then 8 c's must be in units of grams/cma.

’

2.3 SOURCE

The KAP=V program can employ either a cylindrical or a spherical source region, as well
as the basic source geometries of a point, line, or disk. The source distribution in cylindrical
or spherical geometry is assumed separable in the spatial (radial, axial, or polar, and azimuthal)
coordinates. The source energy distribution is input as a separate quantity.

The source distribution can be input as unnormalized radial and/or axial source data. The
program integrates and normalizes the input distribution data to obtain the source strength of
the source point representing each finite source volume in the source region.

The program assumes that the azimuthal distribution of the source density is uniform. The
uniform azimuthal distribution data is used within the program to properly normalize the
source.

The same distribution may be assumed for the gamma ray and neutron source, or, the user
may specify a different source distribution and normalization constant for gamma rays and

neutrons.

2.3.1 Energy Distribution

The quantity, T (En or E G), defines the source strength in each energy group. For the
gamma ray source strength, the quantity I'(E G)’ may represent the number of particles (or
photons) of energy, E G OF energy release (Mev) at energy E G The user must provide
dimensionally consistent data for the total power (if source strengths are input on a per watt
basis or the gamma ray source input), AT, % in the source region, along with the gamma
ray group source strengths, I' (E G)'

The neutron energy distribution parameters, I (En), for the neutron differential energy
spectrum function can be input as integration factors, AEn, or as parameters to convert the

neutron spectra data from units of one fission source neutron to units of neutrons per fission or

16




Astronuclear
Laboratory

per watt. Also the quantity, F(En), allows the user to input the total power or total fission
rate in order to make the spectral data dimensionally consistent. The units of T (En) must be
dimensionally consistent with the total power (or neutron source strength) input as AT’ 2
Although the Albert-Welton function computes an energy independent dose rate based
on a fission spectrum source, a separate quantity, I’ AW’ may be input to the code to provide

a "source strength" for use with this function.

2.3.2 Spatial Distribution

The spatial source in a KAP=V source region is represented as a finite number of volume
elements, each of which are represented as a source point. The source density at each source
point, and the location of each source point, are determined by the program from input source
parameters. The program includes techniques to calculate source point densities from: (1)
analytical functions (uniform or flat, cosine, exponential), or (2) pointwise source values. The
unnormalized source densities for gamma rays or neutrons are defined as the separable quantities:
f (ﬁi), f (—Z_i)' f (;i)' and f (6k, i)’ for the space coordinates of R (radius for cylindrical or
spherical sources), Z (axial dimension for cylindrical sources), ¢ (polar angle for spherical
sources), and O (azimuthal angle for cylindrical and spherical sources), respectively.

By means of the input quantities, (ISRC, ISZC, and ISTC), the program user selectes a

technique for calculating the source density variation of interest.

Analytical Functions

The KAP-V cylindrical and spherical source density functions for the variable, R (radius),
are described in equations 2.4 through 2.7.

The function, f (Ei)’, in equations 2.4 through 2.7 defines the unnormalized source density
for each radial interval. The source point is placed at Ri of each annular source interval bounded
by Ri and Ri T The quantity, ﬁi’ is defined by equation 21.

. J RS, +RD

i 2 (2.1)
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The function f (Z. or ai) in equation 2.8 through 2.11 defines the unnormalized source
for each axial or polar interval. The source point is placed at the arithmetic mean, fi , or
ai, of the axial or polar source interval bounded by Zi and Zi 0 ﬂi and Gi 4 1 as defined
by equations 2.2 and 2.3:

’z‘i = > (2.2)

ﬁ = _.L"i___l._ (2.3)

The analytical functions for the cylinder and sphere, and the only required input

parameters, follow as:

Cylinder = Uniform Source Density (ISRC = 1)

P+
f(ﬁi) = f RAR (2. 4)

e
Iy

where values of Ri are required input,

Cylinder - Cosine Variation of Source Density (ISRC = 2)

R+
F(ﬁi):'/'; cos X] [R-X2] RdR (25)
i

where values of X], X, and Ri are required input.

Cylinder - Exponential Variation of Source Density (ISRC = 4)

P+
f(R) = * ex d .
(R) /R X, ep[X]R]RR (2. 6)

where values of X], X, and Ri are required input.

2
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Sphere - Uniform Source Density (ISRC = 6)
_ i+1 9
f(R.) =f R™ dR (2.7)
i R,
i
where values of Ri are required input,
Cylinder = Uniform Source Density (ISZC = 1)
4
- i+
f(Z.,) = f dZ (2. 8)
bz,
|
where values of Zi are required input.
Cylinder - Cosine Variation of Source Density (1SZC = 2)
_ Zi+l
F(Z.)=f cos &, [Z-E ] dz (2.9)
i 2
Z.
I
where values of E], £2 and Zi are required input,
Cylinder - Exponential Variation of Source Density (ISZC = 4)
_ Zi+l
F(Z.) =f £+ exp [e z] 4z (2.10)
i pa 2 1
i
where values of E], 22 and Zi are required input.
Spherical = Uniform Variation of Source Density (ISZC = 6)
_ d>i+1
f(¢i)=f cos ¢d¢ (2.11)
¢ .

[

where values of d>i are required input,
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Pointwise Source Density

Pointwise source density can be specified as input point values at the spatial limits

(Ri’ Ri+] or Zi' Zi+1) of each interval in the source region, or as point values calcu-

lated from input point values at spatial points other than the desired space points.

Input point values defined as g(Ri) ot Ri and g(Z.) at Zi are used directly in the program
to obtain the source density parameters of f(—Ri) and f(Zi). The use of these point values
are specified by the input values ISRC and ISZC. The techniques used for direct input value
calculations are based on a source variation between two adjacent spatial points, i.e., Ri’
Ri or Zi, Z,

1 Y The point value calculation for cylindrical and spherical source regions
|

follow as:

Cylinder - Linear Variation of Source Density (ISRC = 3)

i+1
f(R) =f [aR+b] RdR (2.12)
R,
i
where a and b are computed internally by the program from the adjacent values

g(Ri) at Ri and g (R at R

i+1) i+’

Cylinder - Exponential Variation of Source Density (ISRC = 5)

i+1
f(Ri) =j; Xy ' exp [X] R] RdR (2.13)

i
where x, and X, are computed internally by the program from the adjacent values

1 2

g(Ri) at Ri and g(Ri+'|) at Ri+1'

Sphere - Linear Variation of Source Density (ISRC = 7)

_ i+1 2
f(Ri)=f [eR+b] R°dR (2. 14)
R

20




Astronuclear
Laboratory

where a and b are computed internally by the program from the adjacent values

g(Ri) at Ri and g(RH_]) at Ri+]'

Cylinder - Linear Variation of Source Density (ISZC = 3)

_ [ 1
f(Z.)=f [eZ+b] dZ (2.15)
bJz
|
where a and b are computed interally by the program from the adjacent values
g(Zi) at Zi and g(Zi+]) at Zi+} .

Cylinder - Exponential Variation of Source Density (ISZC = 5)

_ i+1
f(Zi)=L. £, exp [sl z] dz (2.16)
|

where E] and 22 are computed internally by the program from the adjacent values

g(Zi) at Zi and g(Zi_H) at Zi_H.

The technique of calculating point values from input point values at spatial points other

than the desired space points is a very useful facet of the KAP V program. The input point

values may be representative of a fine radial mesh output from a transport code problem. The
fine mesh may, however, provide too many source points for economical use in a point kernel
calculation. Therefore, the user of the KAP=V code can input the exact transport code output
data, of g'(R') versus R', and the code will interpolate new point values g (R) at
R, where the values of the new radial mesh, R, are selected to better represent a point
kernel source point description, The point values g (R) at R are used in the equations
2.12 through 2. 16 described above to calculate the pointwise source density. This interpola-
tion technique is controlled by the input quantity ISIT, and the spatial distributions of the
source are input as the point values, FSIT, at RSIT and ZSIT, as described in the section on

input data, Section 4,0.
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Azimuthal Variation

The azimuthal distribution is assumed to be uniform in the azimuthal space variable, 8,
for cylindrical and spherical source regions. The user of the KAP-V program has the option
of specifying the mode in which the routine will subdivide the 8 variable into intervals as

shown in equations 2. 17 through 2. 19.

Same iNumber of Azimuthal Intervals in All Radial Intervals (ISTC = 1)

_ RS
f (Ok, i) = f dé Required input, ok, ! (2.17)
0k .
S
Variable Number of Azimuthal Intervals in Each Radial Interval (ISTC = 2)
_ O + 1,i
f (0k i) = f dé ok . are required input for each (2.18)
' O i radial interval
Variable Number of Azimuthal Intervals in Each Radial Interval (ISTC = 3)
| fok +1,i
= v _ T& . C ,
f (Ok i) = —T—— |<i is required input for radial  (2.19)

i .
intervals

These three options allow description of the three possible variations shown in Figure 3.
One additional option is available to the program user: if discrete point sources are of interest,
then the quantity ISRC is input as a zero, and the source density is input as f (R, Z, 8). This

option allows the user to describe a variable source density in the azimuthal variable, 6.

2.3.3 Normalization of Source Parameters

The source normalization routine in the KAP-V program gives the user the versatility to
input the source distribution data in unnormalized form. The program normalizes the source

parameters as shown in the equations which follow.
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INPUT DATA

IFISTC =1, OK, 1 IS INPUT AS 0.0,
1.5708, 3.1416

IF ISTC = 2, QK 1 1S INPUT AS 0,
1. 5708, 3. 1416, OK 2 IS INPUT AS 0,
.7854, 1.5708, 2.3562, 3. 1416

IFISTC =3,

K] IS INPUT AS 2,
K2 IS INPUT AS 4,
K3 IS INPUT AS 5

611855-448

Figure 3. Examples of Azimuthal Source Description
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Cylindrical Source Region

Gamma Ray Source

>

P - L] (2. 20)

[91,k+1' ] ff]R) f 2)- RdRdZ
RZ

Y _ v, 3

f](ek,i) = P f (ek’i) (2.21)
where:

AT . = the gamma ray source normalization constant which is input as ASOI(T).

0] kel = the upper limit of the 8 variable for the gamma ray problem

6 1 = the lower limit of the 8 variable for the gamma ray problem

F] (Ei) = the unnormalized gamma ray source density at each radius, Ri

f] (2l) = the unnormalized gamma ray source density at each value of Z,

F] (b-k i) = the unnormalized gamma ray source density at each azimuthal value
’

Gk for each radial position, i (i.e., Aek i)

Neutron Source

If ASOI (2) is input as zero, then the program uses the gamma ray source, AT \ ,and
distributions for neutrons and solves the same equation described for gamma rays. If ASOI(2)

in not input as zero, then the program solves the following equations:
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P! = = AT,2
2 - — —
[ol,k.+1 - 0]"]] jf f2 (Ri)' F2(Zi) RdRdZ (2.22)
R Z
Fol, = Py R (8 ) (2. 23)

where all terms were previously defined and the subscript 2 refers to neutron data.
The normalized quantity, f' (§k ;), and the unnormalized quantities, F(Tii) and

7

f (_Zi)' provide the source magnitude of the source point defined at the coordinates Tii’ Ei,

and —k . as S (—R-i, —ZI, §k i) in units of watts or particles per second.

This source parameter data is stored internally to the program and is used in the
definition of the source magnitude for each source=-to—~detector calculation.

The user has the option of specifying the source region azimuthal paramaters,
9], K +1 9]’ pr or 92’ ny 92’ | such that the source region symmetry is accounted for
in the normalization. If A or A is total power (or source strength), and if 6

T, 1 T,2 1,k +1
and 9] ] are = and 0.0, the power or source density is effectively twice that in the source
'

region. Hence each source point source at 9] K includes its mirror image at 9l 4w
' ’ .

Spherical Source Region

Gamma Ray Source

A

1,0
= —~,
- in (). R.) RZaR ,
[0, 1 1] [ sin (4308 ()RR aRds (220
| +R

RB =P . F @ (2.25)

1 1 k,i)

where:
f] (;i ) = the unnormalized gamma ray source density at each polar coordinate,

#i and all other terms are as previously defined.
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Neutron Source

A
- T,2
, - = 2
[el’k ae ]] ./fsm ®) . 5 ($) . f, R)RRs  (2.26)
¢+ R
fy @ )= Py fy I (2.27)

where all terms are aspreviously defined, and the subscript 2 refers to neutron data.

2.4 MATERIAL ATTENUATION
2.4.1 Fast Neutron

The KAP V program contains three material attenuation options for obtaining the neutron
response at a detector point. The user can specify the use of the modified Albert-Welton
material attenuation function (2 , and either a bivariant or monovariant polynomial material
attenuation function for calculating differential neutron spectra employing infinite media
moments data.  Various conversion factors can be applied to any of these three functions, as

described in Section 2.5 for conversion to different units.

Fast Neutron Dose Rate

A modification of the Albert-Welton function is used to calculate the fast neutron dose
rate from fission sources in mixtures of hydrogenous and heavy materials. This function combines
a theoretical hydrogen cross section with integration over the fission neutron spectrum to
obtain the uncollided flux or dose. Attenuation effects of non-hydrogenous materials dre
included by employing exponential attenuation with effective removal cross sections.

The basic assumption in theAlbert-Welton function is that all heavy materials are
followed by sufficient hydrogenous materials to validate the use of neutron removal cross
sections for the heavy materials. In addition, the Albert-Welton function is an integral
quantity calculated from theoretical consideration of the energy dependence of neutron
cross sections and the variation of neutron spectrum with penetration in hydrogen. Hence,

the Albert-Welton function dose rate does not include buildup of neutrons at lower energies.
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The equation coded in the program for computing the energy independent fast neutron

response at the detector from each source point is:

where:

D
n

Taw

Il

S (R.,Z.,9)-¥y(W'_,X )
! '2'2 R_R (2.28)
4m p

Daw

L]

the "source strength” for use in the Albert-Welton function.

S (f—{‘i Z. 5k) = the volume weighted source strength for the source point, located

’

Y

at Ri’ Zi , ek,i
P = the distance (cm) from the source point to the detector point.
*2 “4
1 ¢ ) = - - W!
YW X =a [XR] 2 exp [aj xR] ) exp[ W R] (2.29)
M
]
we =) ZmPm (2.30)
m:]
M
LD
R =2 "m P 2.31)
m=1
s = non-hydrogenous removal cross section for all materials, m
m
P = the path length for each material, m
" = the ratio of the hydrogen density in material m to the hydrogen density in

water

Ay, 0, Egy and a, are constants.
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The user will note that in equation 2.31 the units of XR may be either cm or gm/cm
depending on the units of the path length (Pm). Hence, care must be exercised in applying
the input quantity, o to assure proper units.

Since the Albert-Welton function (e quation 2.29) cannot be used to calculate the
neutron dose rate for small values of XR’ the following equation (originally coded in Program

14-0) is employed in the KAP V code:

! = - - ! H
V(W R, XR) a5 . exp [ Ol7 XR] . exp‘: W R] , if XR < a (2.32)
Valuves ofots, oy and @, are input to the code. The units of o, (eq. 2.29) cmdar5

(eq. 2.32) must be compatable to provide proper units for dose rate calculations.

Neutron Spectra

Either a monovariant or a bivariant polynomial expression can be employed to calculate
the differential neutron spectrum. The monovariant polynomial data are available as sets of
data representing specific differential spectrum energy points and are solved only in the
variable of material depth penetration, WR' In contrast, the bivariant polynomial data are
available as sets of data which are solved as a function of initial neutron energy, En' as

specified by the user, and material depth penetration, WR'

The monovariant and bivariant polynomial representation of the moments method data is
derived from the infinite medium moments method data such as that generated by the Nuclear
Development Corporation 7). The polynomial coefficients are applicable over specific
depth penetration or energy. The user of the KAP program specifies the applicable ranges of
polynomial data. Both polynomials are based onthe infinite medium of the particular material
(hereafter called the reference material) used in the moments method calculation. The inclusion
of other materials is based on their equivalent neutron removal in comparison to the reference
material; hence, extreme care must be used in selecting the removal cross section for material
in non-hydrogenous mediafeg., carbon and beryllium media). The equivalent depth penetration

in the reference material is calculated in the program as:
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M
W o T Z el R | (2.33)
m=1

where, ER is the neutron removal cross section for this reference material.

The user specifies a separate set of neutron removal cross sections, Em, for the neutron
spectra option which is not the same set that was used in the Albert-Welton function. The
program then uses these cross section data in the evaluation of WR. A restriction of the
moments data evaluation in the KAP program arises when the depth penetration exceeds the
range of applicability of the polynomial data. The program automatically truncates the

polynomial evaluation at WR =120 gm/cm2. However, the user is provided with the capability

to input energy dependent extrapolation pcrcmeters,)\(E»n), for extending the range of the

moments data functions.

The equation coded in the program for computing the differential neutron energy

response at the detector from each source point for each scattered neutron energy, En is:

F(En) .S ('R'i Zi e?k) .\p(le E)

D ()= ele L (2.34)
n 'n 2
4xp
where:
I'E) = the source strength for each group, En,and all other parameters were
n
previously defined excepf\l/(WR En) which is described below.
Neutron Spectra Monovariant Polynomial
- 2.35
v (WR’ E )= exp [F (WR, Enq (2.35)
where: 4 .
= : 2.36
f(wg E) 2 v, ). Wp (2.36)
i=0
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v, = monovariant polynomial coefficients fit to the

infinite media neutron spectra data

If, W, > 120.0 gm/cm2

R ’
4
i
= E . . - : -120.0 2.37
f(WR, En) Y; (En) 120.0 | - exp A(En) (WR ) ( )
s
ME ) =  parameter for extrapolation of the neutron spectra

n
data for each neutron energy, En

Neutron Spectra Bivariant Polynomial

\II(WR’ En)= exp [f (WR, En)] (2.38)
where: 4 6 '
- z ; 2 : WAL
f(WR’ En) Aii En WR (2.39)
i=0 =0
a T = bivariant coefficients fit to the infinite media neutron spectra data

I, We>120.¢ gm/cm?,

6 .

4
- 120,01 - -12¢. 2.46
f(We E) 2 : E :Aii e 1120.0' | exp [-ME ) . We-120.0) (2.40)
=0 =0 |

2.4.2 Gamma Ray

The KAP-V program calculates and prints as output data both the uncollided and collided

(based on buildup factors) gamma ray functions.
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The equation coded in the program for computing the response at the detector from each

source point for each gamma ray energy group, EG is:

. I‘(EG) .S (Ri’ Zi’ok) : !P(Pm, EG)
D (E.) = (2. 41
where: I‘(EG) = the source strength for each group, EG' and all other terms were

defined previously, except y//(Pm, EG) which is defined below.

Uncollided Gamma Ray Flux

WP, EQ) = exp [— b (EG)] : (2. 42)
M
wheres bT (EG) = E M (EG) P (2.43)
m=1
Mo (EG) = the gamma ray total absorption coefficient
for each material, m, and each gamma ray
group, EG.

Collided Gamma Ray Flux

Hoy B = Blay Eg) - e [~y (Eg)] 2w

where: B(p , E
m

o) B [bT (E G)] (2.45)

or, if b.l. (EG) > 20.0,

i

B(p, E

G) B (20. 9)

3 .
Z 8. (Eg)" [bT (EG)]' (2. 46)
=0 _

and

B [bT(EG)]
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The quantities, B, are the coefficients for the cubic polynomial fit to the infinite media
buildup factor data. These values of Bi can be either input to the code or obtained from the
built=in library described in Section 2. 6. In the above equation, bT (EG), is not allowed to
exceed 20.0 mean free paths, because the polynomial functions are not valid beyond this

range.

The user will note that in equation 2.43, the units of Mo (EG) can be input as either

cm  or cm2/gm depending upon the units of P If the library of the gamma ray absorption

coefficients (see Section 2. 6) is employed in the program, the units of Mo (EG) are cm2/gm.

2.5 CONVERSION OF RADIATION LEVELS TO VARIOUS UNITS

A desirable feature of the KAP-V program is the ability to apply conversion factors to the
total energy independent fast neutron response, the differential neutron energy response, and
the gamma ray response. For example, application of the conversion factors to the gamma
ray response could, at the option of the user, provide gamma ray output data in units of:
Mev/cm2 -sec, R/hr, R/hr-watt, Rads-carbon/hr, watts/gm-steel, watts/gm-aluminum, etc.,
all in one run on the computer.

First, the code calculates the total response at a given detector from all source points in

a specific source region as follows:

DTn = E D =  Total energy-independent (2.47)

fast neutron response
over all

source points

DT (E) = E D (E) =  Total differential fast (2.48)
non Ryt non neutron energy response
source points
DTY(EG) = E DY(EG) =  Total gamma ray response (2. 49)
over all

source points
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where: Dn’ Dn (En), and D (EG) were previously defined for each source point, in Equa=
tions 2.28, 2.34, and 2.41, respectively.

A set of ten energy independent conversion factors may be input to convert the quantity,
DTn' to other units; a second set of ten conversion factors for each group, En’ may be input
to convert the quantity DTn (En), to other units; finally, a third set of ten conversion factors
for each group, EG’ may be input to convert the quantity, DTY(EG)’ to other units. There-
fore, for each detector point calculation, a total of thirty different responses may be obtained
as output data.

The equations solved in applying the conversion factors are as follows:

Albert-Welton Function

DT'n 0 = DTn ’ C.| (2. 50)
o, , = DT, -G,
.
.
.
etc.
where: C], C2, ceee, C]0 = the input conversion factors, RSPA,

Differential Neutron Spectra Function

DT', (E) = DT, (E)- C;(E) (2. 51)

O

—

—~—~

m

-
|

DT, (E ) C, (E )

where: C.| (En), C2 (En), ceee, C.Io (E) = each set of input conversion factors
(RSPN), for each group, En
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Gamma Ray Function

DT", 1(Eg) = DT (Eg)" Cy(Eg) (2. 52)
DT Y, 2(EG) = DTY(EG) . C2(EG)
L ]
[ ]
[
etc.
where: C](EG)' C2(EG), cees, C'IO(EG) = each set of input conversion factors

(RSPG), for each group, EG.
The user will note that at least one set of response functions must be input for each func-
tion, DT , DTn (En), and DTY(EG)' Otherwise the program will multiply by zero, and all
] ) ] 3 -
values of DT' , DT' (En), and DT y(EG) will be printed as zeros.

2.6 LIBRARY DESCRIPTION

Goamma ray library data are included in the program to reduce tedious preparation of input
data and to provide the user with latitude in specifying source gamma ray energies (e.g., a
single 2. 23 Mev gamma ray from hydrogen radiative capture or any of the radioisotope gamma
ray source energies). The gamma ray library data consists of: 1) gamma ray mass absorption
coefficients as a function of element atomic number (Z)and gamma ray energy(EG), and
2) gamma ray buildup data as a function of material (HZO’ Al, etc,), type (energy, dose,
energy absorption), and gomma ray energy (EG). The calculated data requested from the

library are stored internally by the program in the correct input data array.

2.6.1 Gamma Ray Mass Absorption Coefficient Data

Gamma ray absorption coefficients for each element can either be input to the program,
or calculated from library data, or both, The program assumes the library calculated data to
be the first set in the coefficient data, and the user (if using both options simultaneously) must

input coefficient data at the proper addresses (see Section 4.4).
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The gamma ray absorption coefficients in the library are calculated by two methods, de-
pending on the atomic number of the element which is input to the program. These mass absorp~

o ' . . . 2
tion coefficients are computed in units of em”/gm.

Method 1 (1<Z <19)

If the atomic number (Z) of the element is less than Z = 20, the program uses parabolic
interpolation of tabulated data to obtain the mass absorption coefficient, p/p (EG), at energy
EG for the specified atomic number. A total of 19 sets of tabulated mass absorption coefficient
data are included for Z = 1 through 19. Each set contains the 28 energy points presented

in Reference 5. The 19 sets of element coefficient data were obtained from References 5and 8.

Method 2 (19<Z<92)

If the atomic number (Z) of the element is greater than 19, an equation for (% (EG)>
in the form of a bivariant polynomial is solved to obtain the mass absorption coefficient as a
function of element atomic number (Z) and gamma ray energy (EG). The mass absorption

coefficient calculation follows as:

3
g
[E(EG)]m = E Z ™ng (Z )" (E—]G—) (2.53)

3
n=0 g=0

The 7ng's are bivariant polynomial coefficients from Reference 5 fitted over two energy
ranges of 0.2 to 2.0 Mev, and 2.0 to 10 Mev. If the input gamma ray energy is below 0.2 Mev,

or greater than 10.0 Mev, the program sets the energy equal to the limit (0.2 or 10,0 Mev)

and obtains the absorption coefficient at the energy limit.
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2.6.2 Gamma Ray Buildup Factor Data

Gamma ray buildup factor data in the KAP V program can either be input to the program
as specific energy group data, or the user may calculate the buildup factor using a bivariant
polynomial equation. The program contains a library of a single set of bivariant polynomial
data (Reference 6) that can be evaluated for each gamma ray energy group. Buildup factor
input data to the program is restricted to the cubic polynomial data in the variable, bT(EG).
The buildup of gamma ray energy is represented by a single material. Hence, the user must
select a set of polynomial data which is representative of the system material composition (e.g.,
in the NERVA-type reactor system, water buildup data is the most applicable data available).

The polynomial form of the buildup factor in the program is:

3 .
B (bT(EG))= Ze (Eg) [bT(EG)]' (2. 54)
i=0

If the user specifies the buildup factor library data, the control word IBILD and the input

gamma ray energies, E ., are used in computing the polynomial coefficients 8 i(EG)’ to be

Gl
used in all buildup factor evaluations., The values of B i(EG) are internally computed by
the program from the bivariant polynomial expressions presented in Reference 6. These

bivariant polynomials have certain restrictions which the program handles as follows:

1. If the gamma ray energy is less than or greater than the applicable energy range of
the bivariant polynomial data, the buildup factor coefficients B i(EG)'S are evaluated at
the lower or upper limit of the range (see Table 2).

2. If the polynomiql's applicable range (TMFP) of depth penetration, bT(EG), in mean
free paths, is different than 20,0, the program assigns a value consistent with the buildup
data to be used.

3. If the bivariant polynomial data is available for two ranges of energy, the program

automatically selects the correct set of data to be evaluated for each energy.
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TABLE 2

LIBRARY BIVARIANT POLYNOMIAL DATA

FOR GAMMA RAY BUILDUP COEFFICIENT EVALUATION

BILD Value Material

1 Water

2 Water

3 Water

4 Aluminum
5 Aluminum
6 Aluminum
7 lron

8 Iron

9 Iron
10 Uranium
1 Uranium
12%* Uranium
13 - Lead

14 Lead
15%%% Lead
17%%* Tin

19%** Tin
) e Tin

VX Mk Tungsten
D5k Tungsten
Q7*H* Tungsten

Agglicoble Ranges

EG(upper) bf(upper)*

Buildup Type EG(lower)

Dose 0.255 10.0 20.0

Energy

Energy Absorption "
Dose 0.5
Energy

Energy Absorption
Dose

Energy

Energy Absorption \
Dose 15.0
Energy

Energy Absorption
Dose

Energy

Energy Absorption
Dose

Energy

Energy Absorption
Dose

Energy

Energy Absorption | r
0.5 10.0 15.0

*bt(lower) =0,0 for all data, where bf is the mean free path

**Data does not exist in Library

***Note: Odd numbered values are applicable between 0.5 and 4 Mev. Even numbered values,
which are not given, are applicable between 4.0 and 10.0 Mev. The code automatically

handles this problem.
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The buildup factor library data presently available in the KAP V program is shown in
Table 2 along with the applicable ranges of energy and depth penetration values which are
built into the program. The input values of IBILD that will select the desired data are also

presented.

The bivariant polynomials solved by the program to obtain the buildup factor coefficients,

B i(EG)’ are:

P zz £(2) (2. 55)

or
J .
8iEe) = D ‘n('zlj' (2.56)
i=0

The program automatically selects the proper form of the polynomial as indicated by the

input values of IBILD, E ., and Zm.

Gl
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2,7 CALCULATIONS FOR A DETECTOR IN A SOURCE REGION

A basic difficulty with the point kernel technique is the calculation of the detector
response when the detector is located in, or very close to, the source region. This diffi-
culty arises when the denominator in the kernel approaches zero, i. e. , in the equation,
v/4xp2, if P (the distance from the source point to the detector point) is a very

small number, the function, y , approaches infinity, and yields misleading, if not erroneous

results. To obtain a meaningful (or valid) detector response when the source-detector separation

distance is small, the spacing of source points in the near vicinity of the detector must be
handled with extreme caution. The preceding discussion applies even when the option
(described in this section) is used.

To compute the analytical response at the detector within a source region using this
option, the control word ISCP must be input as the composition number of the source region
of interest, and SMFP, which is the total mean free path of the source region composition
(ISCP), must be input.

This option, which is provided to the program user, should be applied judiciously,
Note that the option applies only to a gamma ray calculation. Also, the option is not
applicable when the source point and the detector point are at the same jdentical location.

The program then solves the following equation:
M

by(ES) =Z [—%— (EG)] * 0. Iscp (2. 57)
m
mr= :
where:
ps(EG) = the macroscopic gamma ray :'Jbsqrpfion coefficient (cm_]) for the
source region of interest for each energy group, G.
[J;—(EG)] = the microscopic gamma ray absorption coefficient (cm2/gm) for
m each energy group, G.
Gm, ISCP = the density (gm/cm?) of each material, m, in the composition, ISCP.
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In the above equation, [%(EG):\ , can be input asmacroscopic data (cm—1), if
Gm, Iscp-are input as dimensionless volume fractions.

Next, the dimensionless quantity, v , is calculated for each source point as:

where p is the total distance (cm) from a particular sour¢e point to the detector point,

and p S(EG) is defined above.

For each source-detector path calculation, v is tested against the input quantity, SMFP.

If, v > SMFP, the code calculates the usual attenuation function, But, if ¥ < SMFP, the
program solves the following equation as the gamma ray attenuation function, D7 (EG), at the

detector for each group, G:

BEg, SMFP) - S (EG) -(l - exp (-SMF@
4
3

D_(EL) =
Yy G SMFP \ 3
st G

where:

B(EG SMFP) = the buildup factor for each group, G, computed as: B, * B, SMFP
= B,(SMFP) + B(SMFP)’

S (EG) = the source (e.g. watts or fissions per second) for the sphere whose
radius is defined as v for each group, G.

%’-r §}%%) = the volume, cm3, of the sphere, calculated for each group, G.

SI

The quantity, §(EG), is calculated as: where S'

all source points within radius, v ,
is the source for each volume in which a source point is located. Equation 2. 58 is simply the
solution of the response at a detector point located at the center of a spherical source of »

mean free paths in radius as given in ref erence 9, page 371.
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The quantity, D’Y (EG), is added to the detector response calculated for all the source
points external to the sphere. Two examples are given to illustrate some problems associated
with the option.:

1. Figure 4 shows anr, z plane cut through an "exclusion" sphere of radius, v .

A typical source point mesh is also shown in Figure 4. The detector point is located at D,
the center. For this example, attenuation functions for source points, I1-4, 5, 8, 9, and 12-
16 would be calculated by the usual KAP V equations. The source strengths for the volume
elements surrounding points 6, 7, 10, and 11 would be used in the "sphere" option.

One can observe that a part of the volume surrounding points 6, 7, 10, and 11 is
outside the sphere, but are included in the total source calculations for the sphere; and, that
part of the element volume surrounding point no. 8 (for example) which actually lies within
the sphere, is not included in the total source for the sphere.

These approximations are part of the option, and introduce some uncertainties in the
answer.

2, Figure 5 shows a sphere overlapping two regions having different composition numbers.
The zone with composition no. 1 is not a source region. But that portion of the sphere which
extends into the region (shown by the shaded area) does, in fact, have a source strength as-
sociated with it. Hence, a calculation using this option (as coded) when the detector is near

the boundary of a source region, introduces uncertainties in the answer.
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Figure 4, Example of "Exclusion" Sphere Option
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SECTION

3.0 PROGRAM LOGIC

The program logic for the KAP=V program is presented in this section. The flow
chart is constructed in a simplified form to illustrate to the user when a certain operation or
calculation is performed. The symbolism used in the flow chart is shown in Figure 6 and the
actual KAP-V logical flow chart is given in Figure 7. Each of the principal operations per-
formed by KAP-V are described in previous sections. The logic of the program as presented
in Figure 7 has the principal FORTRAN DO loops indicated as indexing loops A-D for

simplicity.

45



Astronuclear
Laboratory

OPERATION:

DECISION:

ENTRY POINT:

EXIT (RETURN) POINT

#

MAJOR OPERATION

MINOR OR INITIAL
OPERATION

%

CONDITION 1

CONDITION 2

Figure 6. Flow Chart Symbolism
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INITIALIZE ALL IF ISRC: 6 CALCULATE slﬁgl%lif
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Z,=2,+ 7, CALCULATE AND PRINT
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RESPONSE RESULTS
BEGIN SOURCE
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CALCULATE AXIAL OR POLAR
AMBIGUITY DIRECTION INITIALIZE
INDICES — TOTAL
CALCULATE RESULT LOCATIONS
KERNEL FUNCTIONS
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CALCULATE
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LIBRARY DATA AZIMUTHAL SOURCE
< I TERM, S
CALCULATE
INDIVIDUAL
INTERPOLATE SOURCE POINT INITIALIZE
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DATA CALCULATE CARTESIAN INDIVIDUAL
< COORDINATES OF SOURCE REGION
- ] SOURCE POINT ; X, Y, RESULT LOCATIONS
ACCUMULATE
> czg:&%ge SOURCE POINT
YN FLUX DATA
BEGIN SOURCE -
< l POINT LOOP i < j
IN AZIMUTHAL s
DIRECTION CALCULATE AND PRINT
CALCULATE i=] K=K+1 IF 1oUT (2): INDIVIDUAL SOURCE REGION
IF 1BILD: 0 BUILDUP @ >
DATA RESPONSE RESULTS
BEGIN SOURCE
POINT LOCP /s\ <
> IN RADIAL * \ )
PRINT INPUT DATA DIRECTION <
=1
> ACCUMULATE
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< ] ' FLUX DATA
CALCULATE (=1+1
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CALCULATE TOTAL
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DETECTOR CARTESIAN 5 s
POINT LOOP COORDINATES
OF
<
n=1 DETECTOR POINT =141 ~
.
L J L Figure 7. KAP-V Program Logic
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SECTION

4.0 INPUT DATA INSTRUCTIONS

4.1 GENERAL DESCRIPTION

The input data to each KAP-V problem or "change case" consists of three types of input
data. The types of data are:

1)  Alphanumeric data

2) Integer or fixed point data

3) Real or floating point data

The general card format consists of three subfields (card columns 1 - 12) for all types of
data, and a subdivided fourth field (card columns 13 = 72) for alphanumeric, integer, or real
data. The first three subfields which are read ina (12, 11, 19) FORTRAN format require
the following information which are common to each type of data input:

1) The number of pieces or words of data on the card (right adjusted®),

2) The last card of a particular type of data (i.e., 0 or blank means that more cards
of a particular type follow; 1 means this is the last card of a particular type of data),

3) The address or data location of the first piece or word of data on the card. All
subsequent data in the fields on the card, up to and including the total pieces of data specified
in the first subfield, are stored in sequence from the card address.

The fourth subfield which is divided according to the type of data to be read is described
in the following sections. It must be noted that each problem which is input to the program
must include at least one data card of each type (alphanumeric, integer, and real).
Therefore, the minimum card count for a stacked problem is three cards, one for each type
of data with a 1 in column 3 of each card.

The ability to assign the specific address of each data word within any data array allows

the user to run stacked problems with minor data changes with a minimum card count.

*“Right adjusted means the least significant digit of the number is at the extreme right of the
field.
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4,2 ALPHANUMERIC DATA

The card format for the alphanumeric or title data is the FORTRAN format, (12, 11, 19,
15A4). The last 15 data words (card columns 13 - 72) are subdivided into four character
alphanumeric data which are input at the discretion of the user.

The relative location or address of the initial four character word in each title section
is tabulated and described below and the breakdown of data sections are described. The
option to input specific title data was included because of the output flexibility of the
program. It must be noted that the user, in specifying a three word title, has the capability
of inputing 12 characters of information. In addition, the breakdown of the 180 and 120
character titles into 3 and 2 lines of 15 alphanumeric data words per line (60 characters per

line) must be noted by the user to provide clearly titled output results,

Address Data Array Dimension Description
1 TITLE (45) Overall problem title (180 alphanumeric

characters) which is output at the beginning of
the output printing. (Printed 60 characters to
a line.) :

46 TITLE (30) Title information (120 characters) printed pre-
ceding the output of results for each source
region and all detector points. (Printed 60
characters to a line.)

76 TITLE (30) Title information (120 characters) printed pre-
ceding the output of results for the subtotal
over a selected set of source regions (i.e., the
summation overall reactor subregions).
(Printed 60 characters to a line.)

106 TITLE (30) Title information (120 characters) printed pre-
ceding the output of results for the summation
of all source regions, (i.e., summation over
subtotals). (Printed 60 characters to a line. )

TITLE (3, 10) Title information (3 words or 12 characters)
associated with gamma ray response output data.
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Address Data Array Dimension Description

136 TITLE (1) Gamma ray response No. 1

139 TITLE (2) Gamma ray response No. 2

142 TITLE (3) Gamma ray response No. 3

145 TITLE (4) Gamma ray response No. 4

148 TITLE (5) Gamma ray response No. 5

151 TITLE (6) Gamma ray response No. 6

154 TITLE (7) Gamma ray response No. 7

157 TITLE (8) Gamma ray response No. 8

160 TITLE (9) Gamma ray response No. 9

163 TITLE (10) Gamma ray response No. 10

166 TITLE (3, 10) Title information (3 words or 12 characters)

associated with each neutron response output
data. Data order identical to gamma ray
response data,

196 TITLE ' (3, 10) Title information (3 words or 12 characters)
associated with each Albert-Welton response
output data. Data order identical to gamma
ray response title data.

TITLE (3, 25) Title information (3 words or 12 characters)
for each detector point in the problem:

226 TITLE (1) Detector point 1
229 TITLE (2) Detector point 2
232 TITLE (3) Detector point 3
235 TITLE (4) Defec'rczr point 4

® [ ]

® [
291-300 TITLE (25) Detector point 25

4.3 INTEGER OR FIXED POINT DATA

The card format for the integer data is the FORTRAN format (12, 11, 19, 2013). The
last 20 pieces of data (card columns 13 = 72) are subdivided into three digit fields which are

input as "right adjusted" integer data.
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The address of each piece of data, or the address of each data array, is tabulated and

described below. The addressing of data internal to a data array is also tabulated and

described.

Infeégﬁer or Fixed Point Data

Array
Address Data Dimension Descri Efion

1 NGG Total number of gamma ray groups, EG.(] < NGG <30)
2 NGN Total number of neutron groups, En.('l < NGN<30)

3 MAT Total number of materials or elements (i.e., an element,

O, UO2) in the material/

H, O, or Fe; or a material, H

composition table. Note: The2 user may input the dataq,
“m(EG) for MAT elements, or optionally the program
will calculate gamma ray coefficients, pm(EG), for
MATL elements, but not materials (such as H20). The

coefficients, (EG), calculated by the program are

u

m
in units of cm” /gm. The internally generated gamma
ray data will appear as the first MATL sets of data in
the material/composition table. Therefore, the MAT

set of data must correspond up to and including the
first MATL set of data.
(1 < MAT <20) and (MAT < MATL)

4 NCOMP Total number of compositions in the material/composition
table.
(1 <NCOMP<L 50)

5 NDET Total number of detector points to be evaluated for the
source region in the problem. The program will
accumulate results for multiple source regions for all
detector points under the control of the input quantity,

ISUM.
(1 <NDET £ 25)
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Address Data Dimension
6 NBOUND
7 NREG
8 NRSPG
9 NRSPN
10 NRSPA
1 MATL'
19 IBILD
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Description

Total number of boundary surfaces in the problem
geometry.,

(1 <NBOUND £ 100)

Total number of geometric regions or zones in the
problem geometry. A region is described by 6 or less
boundary surfaces which subdivide the overall problem

space.
(1 < NREG <100)

Total number of sets of response functions to be applied
to the calculated gamma ray flux data ot each detector
point,

(1< NRSPG <10)

Total number of sets of response functions to be applied
to the calculated neutron flux data at each detector
point.

(1 £NRSPN £10)

Total number of response functions to be applied to
the Alberi-Welton neutron dose function results at
each detector point.

(1< NRSPA <10)

Total number of elements for which gamma ray coeffi-
cient sets are to be internally generated by the program.
The MATL sets must be the first MAT sets of the material/

composition table,

(0 < MATL< MAT)

Control word for buildup factor input data.
IBILD = 0: input buildup factor polynomial coefficients
at location BILD

IBILD >0: the program internally computes the buildup
factor coefficients from the library (see Section 2. 6)

If IBILD =1, H2
If IBILD = 2, H2
If IBILD = 3, HZO energy absorption buildup

O dose buildup
O energy buildup
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Array
Address Data Dimension Description
If IBILD = 4, Al dose buildup
If IBILD = 5, A1l energy buildup
If IBILD = 6, Al energy absorption buildup
If IBILD = 7, Fe dose buildup
If IBILD = 8, Fe energy buildup
If IBILD = 9, Fe energy absorption buildup
If IBILD = 10, U dose buildup
If IBILD = 11, U energy buildup
If IBILD = 12, U energy absorption buildup
If IBILD = 13, Pb dose buildup
If IBILD = 14, Pb energy absorption bulldup
If IBILD = 15, Pb energy absorption buildup
If IBILD = 17, Sn dose buildup
If IBILD = 19, Sn energy buildup
If IBILD = 21, Sn energy absorption buildup
If IBILD = 23, W dose buildup
If IBILD = 25, W energy buildup
20 IGAM Control word for calculation of gamma ray attenuation
functions.
IGAM = 0: Do not calculate gamma ray attenuation
functions.
IGAM = 1: Calculate gamma ray attenuation functions.
INEUT (3) Control words for calculation of neutron attenuation

functions.

INEUT (i) = 0: Do not calculate neutron attenuation
function.

INEUT (i) = 1: Calculate neutron attenuation function.




Array

Address Data Dimension

21 INEUT(1)

22 INEUT(2)

23 INEUT(3)

24 ISCP

25 1ZSO

26 ISORC

27 ISRC

Astronuclear
Laboratory

DescriEfion

Control word for Albert-Welton neutron dose calcula-
tion.

Control word for monovariant polynomial, f(WR, E ),
neutron spectra calculation. n

Control word for bivariant polynomial, f(WR, E),
- n
neutron spectra calculation,

Control word for calculation at a detector in the
immediate vicinity of source points. (An analytical
result is calculated if the path length between a source
point and detector point is less than or equal to SMFP

mean free paths in the ISCP composition. (See
Section 2.7.)

ISCP=0: Do not calculate analytic result.

ISCP>0: Calculate analytic result with the ISCP
composition as the source material.,

The number of the source zone in which all path length
calculations are initiated.

I1ZSO = Source zone number.

Control word for calculation of all source distribution

functions,

ISORC = 0: Do not calculate source distribution data
but use previous problem data.

ISORC = 1: Calculate new source distribution data from
RS, Z§, PHI, and FSI input data,

Control word for the calculation of radial source
distribution data.

ISRC = 0: Do not calculate and renormalize input
data, but use RS, ZS, PHI, and FSl as point source
data. (This option allows the description of one or
more discrete point sources. )
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Array
Address Data Dimension Description

Note: The following radial source distribution options
_ are applicable to a cylindrical source geometry. (See

Section 2.3.2)

ISRC = 1: Uniform or flat source distribution (Does

not require FSI input).

ISRC = 2: Cosine source distribution based on input
data, XI's. (Does not require FSI input.)

ISRC = 3: Source distribution based on a linear
variation of input data, FSI, between mesh points, RS.

ISRC = 4: Source distribution based on input exponen=
tial distribution data X1's. (Does not require FSI input.)

ISRC = 5: Source distribution based on exponential
variation of input data, FSI, between mesh points, RS.

Note: The following radial source distribution options
are applicable to a spherical source geometry.

ISRC = é: Uniform or flat source distribution. (Does
not require FS| input data.)

ISRC = 7: Source distribution based on a linear
variation of input data, FSI, between mesh points, RS.

28 ISZC Control word for axial or polar source distribution
calculations.

Note: The following source distribution options are
applicable to cylindrical source geometry. (See
Section 2.3.2,)

ISZC = 1: Uniform or flat source distribution. (Does
not require FSI input.)

ISZC = 2: Cosine source distribution based on the
input data, ETA,  (Does not require FSI input data.)

ISZC = 3: Source distribution based on the linear
variation of input data, FSI, between the mesh points,
ZS.

ISZC = 4: Source distribution based on an exponential
variation of the source between mesh points, ZS, and
the input data, ETA. (Does not require FSI input data.)




Array
Address Data Dimension

29 ISTC
30 ISIT
31 ISUM
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Description

ISZC = 5: Source distribution based on the exponential
variation of the source between mesh points, ZS.
(Requires FSI input data. )

Note: The following source distribution option is
applicable to a spherical source geometry.

ISZC = 6: Uniform or flat polar variation. (Does not
require FSI input data. )

Control word for azimuthal source descnphon. (See
Sectlon 2.3.2.)

Note: All azimuthal source distributions are assumed
to be uniform. The user must use the ISRC = 0 option
with all input data calculated externally to the program
to do otherwise.

ISTC = 1: Azimuthal source point spacing from the
input data, PHI, with NSO (1) intervals in each radial
interval.

ISTC = 2: Azimuthal source point spacing from the
input data, PHI, with the number of azimuthal intervals
for each radial interval set by the input data, NSO.

ISTC = 3: Azimuthal source point spacing based on
equal azimuthal intervals; the number of intervals is
set by the input data, NSO.

Control word for source distribution interpolation
calculation.

ISIT=0: Do not interpolate RSIT, ZSIT, FSIT input
data to obtain FSI at RS and ZS.

ISIT=1: Interpolate RSIT, ZSIT, FSIT input data to
obtain FSI at RS and ZS.

Control word for summation of the contribution of
individual source regions to the detector response at
each detector point.
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Array
Address Data Dimension
32 IOUT(1)
33 10UT(2)

Discri Efi on

ISUM = 0: Do not include this region in the summation
of individua! source region results,

ISUM = -1: Start summing individual source region
results beginning with this region.

When ISUM = -1: The storage allocated for the grand
total and subtotal is set to zero. The results for the
region are added to the grand total and subtotal.
Then ISUM is set equal to +1.

ISUM = +1: Add individual source region results to
the grand total and the subtotal.

ISUM = 2: Add the contribution of the source region
to the subtotal and grand total, print the subtotal,
then set the subtotal to zero.

ISUM = 3: Add the contribution of the source region
to the subtotal and the grand total, print the subtotal
and the grand total, set the grand total and subtotal

to zero.

Control word for printing inEf data.
[OUT(1) = 0: Do not print input data.

IOUT(1) = 1: Print card images of input data.

IOUT(1) = 2: Print card images and organized input
data,

Note: Normalized source distribution data are printed
only when 1OUT(1) = 2, ’
Control word for printing of output data.

IOUT(2) = 1: Do not print individual source region
results.

JOUT(2) = 0: Print all output data for each individual
source region,
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Address Data Dimension
KORD (3)
35 KORD(1)
36 KORD(2)
37 KORD(3)
IORD (3)
40 IORD(1)
41 IORD(2)
42 IORD(3)
50 LSO
51 MSO
NSO (20)
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Descrigﬁon

Degree or order for each set of the neutron moments
method bivariant polynomial data in the independent
variable, energy (E ).

Degree or order of the first set of coefficients for the
energy range, BKP(1) to BKP(2).

Degree or order of the second set of coefficients for the
energy range, BKP(2) to BKP(3).

Degree or order of the third set of coefficients for the

energy range, BKP(3) to BKP(4).

Degree or order for each set of the neutron moments
method bivariant polynomial data in the independent
variable, depth penetration (WR)'

Degree or order of the first set of coefficients for the
energy range, BKP(1) to BKP(2).

Degree or order of the second set of coefficients for
the energy range, BKP(2) to BKP(3).

Degree or order of the third set of coefficients for the
energy range, BKP(3) to BKP(4).

Total number of radial mesh intervals in the source
region description.

(1 LSO <20)

Total number of axial or polar mesh intervals in the
source region description,

(1<MSO <£20)

Total number of azimuthal mesh intervals for each
radial interval in the source region description.

(1 SNSO(i) < 20)
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Address Data Dimension

52 NSO(1)
53 NSO(2)

® [ ]

[ ] [ ]

[ ] [ ]
71 NS O(20)
75 LSIT
76 MSIT

NEQBD(j)  (100)

100 NEQBD(1)

101 NEQBD(2)

Description

Total number of azimuthal mesh intervals in radial
interval number 1 or if, ISTC = 1, the total number of
intervals in each radial interval.

Total number of azimutha!l mesh intervals in radial
interval 2.

Total number of azimuthal mesh intervals in radial
interval 20,

Total number of radial source distribution input data

values, RSIT and FSIT, to be used in interpolation of
source distribution data, FSI, at the mesh points RS.

(1< LSITL21)

Total number of axial source distribution input data
values, ZSIT and FSIT, to be used in interpolation of
source distribution data, FSI, at the mesh points, ZS.
(1< MSIT<21)

Surface equation type number for each surface or
boundary, i, in the problem, (The surface equations
and their respective type numberare presented preceding
the surface equation coefficient input description).

(1 < NEQBD(j) < 6)

Type number for surface No. 1.

Type number for surface No. 2.
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Array

Address Data Dimension

199 NEQBD(100)
NBNDZN(i) (100)

200 NBNDZN(1)

201 NBNDZN(2)

[ J [ ]

® [ ]

299 NBND ZN(100)
NCMPZN(i) (100)

300 NCMPZN(1)

301 NCMPZN(2)

[ ] [ J

[ ) [ ]

[ ] [ J

399 NCMPZN(100)
LBD(j, i) (6, 100)

Astronuclear
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Description

Type number for surface No. 100,

The total number of boundaries or surfaces defining
eachzone, i, in the problem. Each zone must have
at least one boundary and no more than six boundaries.

(1 SNBNDZN(i) <£6).

Note: The sign (+) of NBNDZN(i) denotes whether
the zone is an outside or last zone and the user must
specify this sign. If NBNDZN is negative, the zone
is an outside or last zone.

Total number of boundary surfaces for zone No. 1

Total number of boundary surfaces for zone No. 2,
[ ]

Total number of boundary surfaces for zone No., 100.

The composition number of the mixture of materials in
zone, i, for each zone in the problem,

Composition number in zone 1.

Composition number in zone 2.
L]

Composition number in zone 100.

The boundary surface numbers, j, for each zone, i.
The user must specify NBNDZN(i) surface numbers for
each zone, i, and the surfaces must totally enclose the
zone or region in the problem. Outside zones can be
described as single boundary zones.

Note: The KAP-V program will automatically assign

all ambiguity indices (+ or =) of each surface, |, in

relation to each zone, i.
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Address Data Dimension
500 LBD(j, 1 )
506 LBD(j, 2)
[ ] [ )
o [ ]
® ®
1094 LBD(j, 100)

1100

1106

1694

4.4

NTRYZN(j, i) (6,100)

NTRYZN(], 1)

NTRYZN(j, 2)

NTRYZN(j, 100)

Description
Surface numbers, j =1, NBNDZN(1), for zone 1.

Surface numbers, =1, NBNDZN(1), for zone 2.

L]
Surface numbers, | =1, NBNDZN(1), for zone 100.
The zone identification number for each boundary, |,

of each zone, i, which defines the zone encountered
upon crossing each boundary of the zone, i. There is

a one to one correspondence between LBD and NTRYZN.

Note: If more than one zone can be entered upon
crossing boundary, |, the user can minimize problem
running times by specifying the zone entered the most
times, or if this can not be determined, the zone with
the lower identification number.

Zone number, i =1, NBNDZN(1), for zone 1.

Zone number, j =1, NBNDZN(1). for zone 2.

Zone number, | =1, NBNDZN(1), for zone 100.

REAL OR FLOATING POINT DATA

The card format for the real data is the FORTRAN format (12, 11, 19, 5E12.5). The

last 5 pieces of data (card columns 13-72) are subdivided into twelve digit fields which are

input as real or floating point data.

The relative location or address of each piece of data, or the initial address of each

data array, is tabulated and described below. The addressing of data internal to a data array

is also tabulated and described.
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Array
Address Data Dimension
ASOI (2)
1 ASOI(1)
2 ASOI(2)
X1 (2)
3 XI(T1)
4 XI1(2)
3 XI(1)
4 X1(2)
ETA (2)
5 ETA(1)
6 ETA(2)
5 ETA(1)
6 ETA(2)
7 RS() (21)

Astronuclear
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DescriEtion

Gamma ray and neutron source normalization constants.
The input constants, ASOI, must be dimensionally consis-
tent with GSOUR, NSOUR, and AWSOUR to provide

particles/cm°-sec.
Gamma ray source normalization constant.

Neutron source normalization constant.

Note: If ASOI(2) is input as 0.0, the program assumes
ASOI(2) = ASOI(1) and all gamma ray source distribution
data, FSI, are also used for neutron source calculations.

Radial source distribution constants used in the truncated
cosine or exponential source distribution function.

For truncated cosine,

= n/R* where R* is the extrapolated region radius.

=0.0

For exponential

f(Ry), the source value at the left boundary radius, Rer

o, the slope of the.source distribution in the region.

Axial source distribution constants used in the truncated
cosine or exponential source distribution function,

For truncated cosine

= Il_'{.* , where H* is the extrapolated height.

H*

2

For exponential

= f(Z,), the source value at the left axial boundary, Z,.
= 0, the slope of the source distribution in the region.

Radial dimensions of the source region mesh intervals.

(LSO + 1 values)
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Address Data Dimension
28 ZS(m) (21)
PHI(n, i) (21,20)

49 PHI(n, 1)
70 PHI(n, 2)

[ ] [ ]

™Y [ ]

[ J
448 PHI(n, 20)
FSI 1,22 2)

470 FSI(1,1,1)
491 FSI(m, 2, 1)

512 FSl(n,3,1)

512 FSI(1,3,1)

533 FSI(2,3,1)

® ®

[ ) [ J

® [ ]

931 FS1(20,3, 1)

Description
Axial or polar dimensions of source region mesh intervals.

(MSO + 1 values)

Azimuthal dimensions of source region mesh intervals
for each radial interval, i.

Dimensions of radial interval No. 1, (NSO(1) + 1 values)

Dimensions of radial interval No. 2, (NSO(2) + 1 values)
[ J

Dimensions of radial interval No. 20, (NSO(20) + 1 values)

Note: PHI(n, i) for K greater than 1 are required only
when for ISTC = 2

Source distribution data for radial, axial, or polar, and
azimuthal distribution for both gamma ray, K =1, and
neutron, K = 2, source data.

Gamma ray radial source data, (LSO +1 values)
Gamma ray axial or polar source data, (MSO + 1 values)
Gamma ray azimuthal data for each radial interval,

(NSO(1) + 1 values)

Note: FSI (n, 3, 1) is required input only for the case
when the user specifies all source data FSI as input (i.e.,
a unit point source is input by specifying ISORC = 1,
ISRC = 0, FSI(470) = 1.0, FSI(491) = 1.0, FSI(512) = 1. 0)

Gamma ray azimuthal data for radial interval No, 1.

Gamma ray azimuthal data for radial interval No. 2.

Gamma ray azimuthal data for radial interval No. 20,
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Array
Address Data Dimension
932 FSI(1,1, 2)
1400 GSOUR (30)
1430 NSOUR (30)

Astronuclear
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DescriEfion

Neutron source distribution data input which is identical

in order to the gamma ray data, but with all addresses
increased by 462,

Note: If ASOI(2) is input as 0.0, then FSI(!, 1,2) =
FSI(1,1, 1)

Gamma ray source by energy group, ENG.

Note: GSOUR must be dimensionally consistent with
ASOI(]), so that GSOUR(k)SASOI('I) will provide the

units of particles or Mev/cm”=sec.

Neutron source by energy group, ENN.

Note: NSOUR must be dimensionally consistent with
ASOI(2). These quantities provide the user with the
capability to input group dependent integration factors

(energy band widths) and must not be construed as neutron
source spectra,

The following input data (ABD, BBD, CBD, XOBD, YOBD, ZOBD, DBD) are the

surface equation coefficients and constants for each boundary (1-100). This input depends on

the boundary or surface equation type. The surface equation types which are in the program

are the general quadratic equation, and five of the common degenerate forms, as shown below:

Surface Equation Type

1

Equation
2 2 2
AX™ + XX, + BY" + YY, + CZ° + ZZ_ =D
0 0 0
2 2 Y
A(X-XO) + B(Y-YO) + C(Z-Zo) = D
2 2
(X-Xo) +(Y-YO) = D
X =D
Y =D
Z =D
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1460 ABD
1560 BBD
1660 CBD
1760 XOBD
1860 YOBD
1960 ZOBD
2060 DBD
XYZ(j, 1)
2160 XYZ(i,
2163 XYZ(j, 2)
®
[ ]
o
2397 XYZ(j,100)
COMP(m, n)

Array

Dimension

(100)

(100)
(100)
(100)
(100)
(100)

(100)

(3,100)

(20, 50)

DescriEfion

Surface equation coefficient constant, A, for surfaces

1-100.
Surface equation coefficient, B, for surfaces 1-100.
Surface equation coefficient, C, for surfaces 1-100.

Surface equation constant, X, for surfaces 1-100,

OI

Surface equation constant, Y., for surfaces 1-100.

OI

Surface equation constant, Z., for surfaces 1-100.

0/
Surface equation constant, D, for surfaces 1-100.

Note: To eliminate errors in path length calculations,
the program automatically squares the input quantity, D,
for surface equation types 2 and 3 to provide absolute
matching of surface intersections. Therefore, input the
quantity, D, as the radius of interest.

Cartesian coordinates of the point internal to each zone,

i, described by the input data, LBD. There are 3 x NREG
required input values. These data are used in computing the
ambiguity indices (+ or =) of each surface in relation to
the zone and extreme caution must be used in determin-
ing input values.

(X, Y, Z)forzonel.
PP

(X, Y, Z)forzone 2.
PP TP

(X, Y, Z) for zone 100.
PP P

Composition matrix (densities or volume fractions) accord=-
ing to the materials or elements, m, in the problem.
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Array
Address Data Dimension
2460 COMP(m, 1)
2480 COMP(m, 2)
o °
[ ] [ J
3440 COMP(m, 50)
3460 ENN (30)
XSECN(m, i) (20, 3)
3490 XSECN(m, 1)
3510 XSECN(m, 2)
3530 XSECN(m, 3)
3550 XSNREF
3551 ALFA (7)
3558 AWSOUR
3560 ENG (30)
XSECG(k, m) (30, 20)
3590 XSECG(k, 1)

Astronuclear
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Descrietion

COMP(m, 1): data for all materials, m, in composition 1.

COMP(m, 2): data for all materials, m, in composition 2.
[ ]
[ J

COMP(m,50): data for all materials, m, in composition 50.
Representative energy of each neutron group.
Data for the Albert-Welton and neutron spectra functions.

Neutron removal cross sections for each material for use
with the Albert=-Welton function.

Constants (1's) for each material for use with the Albert-
Welton function,

Neutron removal cross sections for each material for use
with the neutron spectra function.

Neutron removal cross section for the material for which
the neutron moments data is input (reference material
removal cross section).

Constants (a's) for the Albert=Welton function.

Source strength to be applied to the Albert-Welton kernel.

Note: AWSOUR must be dimensionally consistent with
ASOI(2).

Representative energy of each gamma ray source group.
Gamma ray absorption coefficients for each group, k,
and each material, m, in the problem. The program will
generate these data from tables and/or polynomial evalu-

ation if requested. (See Section 2.6, )

Coefficients for each group k, material 1.
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Address Data Dimension
3620 XSECG(k, 2)
[ ] [ J
[ ] [ ]
[ ] ®
4160  XSECG(k, 30)
BILD(1, k) (4, 30)
4190 BILD(1, 1)
4194  BILD(1, 2)
Y )
® L J
[ ]
4306 BILD(1, 30)
4310 SMFP
4311 TMFP
4312 EPSLN

if so requested.

Descri Efion

Coefficients for each group k, material 2.
o
L J

Coefficients for each group k, material 30.

Gamma ray cubic polynomial build up coefficients for
each gamma ray group, k.

Note: The program will internally compute these data
(See Section 2,6.,)

60I B]I 62, Ba fOI" group 1,
By B], B.., 63 for group 2.

By 5], B, 33 for group 30.

Total mean free path of source material (source composi-
tion ISCP) used in determining the exclusion sphere volume
for source points adjacent to detector points. This quantity
is used in the empirical solution of the gamma ray flux for
detector points internal to source regions. (See Section 2. 7)

The limit or maximum range of mean free paths of gamma
ray depth penetration for cubic polynomial buildup data.
The program calculates buildup only on TMFP (or less)
mean free paths. [If the mean free path exceeds TMFP,
the program sets the mean free path equal to TMFP. The
program assumes TMFP = 20, if TMFP is not input,

Surface equation-path length calculation error limit used
in determining if a surface is crossed, If the test fails, an
error statement is given,

Note: EPSLN is internally set as 1.0 x 1076 and is not
required as input if the user accepts this value.
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Dimension

COM(, 1, 1)

COM(, 2, 1)

COM(i, 30, 1)

Astronuclear
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Description
—————k———een,

Surface equation-path length calculation step quantity
used in providing a means for the calculation to cross a
boundary. If two steps are unsuccessful, an error state-
ment is given,

Note: FUDGE is internally set as 1.0 x 1073 and is not
required as input if the user accepts this value.

For Monovariant Neutron Spectra Data:

The neutron depth penetration, gm/émz, which is the
breakpoint between the two sets of monovariant moments
method data. Only BKP(1) is required.

For Bivariant Neutron Spectra Data:

The neutron energy breakpoints for the applicability of
the bivariant polynomial data. BKP(1-4) must be in order
of decreasing energy and the last values 2, 3 or 4 must
must not be zero (e.g., for only one set of polynomial

data, BKP(1) = E (higher) and BKP(2, 3, and 4) = E (lower).

Neutron spectra monovariant polynomial coefficients for
NGN groups. This data, which_is evaluated as a function
of depth penetration ( W, gm/cm® of equivalent neutron
attenuation), is assumed to be applicable in the range of
0.0 2W >1200 gm/cmz. The two sets of input data
divide this range into, 0.0 > W > BKP(1) and BKP(1)2

W 2120.0. _For any depth penetration in excess of

120.0 gm/cmz, the group dependent \'s (input quantities,
XLAM)are used as simple exponential attenuation s,

exp [- AW -120,0)]

coOM(1-5): C., C,, C,, C,, C, for groupl, and
w<Bkp(l), o 4 27

COM(1-5):. C., C,, C,, C,, C, for group 2, and
w<ekp(n), > 4 ¥ 7
COM(1-5): C,, C,, C,, C,, C. for group 30, and
wseke(), > 4 27
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4470 COM(, 1,2)
4475  COMC(, 2,2)
® [ ]
4615 COM(j, 30, 2)
CON
4620 CON(5,5,1)
4645 CON(5, 5, 2)
4670  CON(5,5,3)
® ®
[ [}
® [
4695 CON(5, 5, 4)
4720 XLAM

Array

Dimension

(5,5,4)

(30)

Description

com(1-5: ¢, ¢,, C,, C,, C, for group 1, and
w2ekpn. ° 40 27

COM(1-5): C., C,, C,, C,, C, for group 2, and
wBkp(), ° & ¥ 2
[

COM(1-5): C

C4, C, C C.| for group 30, and
W > BKP(1).

Y 3 77

Neutron spectra bivariant polynomial coefficients, These
datq, which are evaluated as a function of depth penetra-
tion, W, and neutron energy, E, is assumed applicable
over the entire range of W 2 120.0 gm/cm®“. The four
sets of data divide the energy range into four intervals
as determined by BKP(1-4), Calculations for W in excess
of 1200 gm,ém2 are discussed above in the monovariant
polynomial description.

CON(1-25): C.,, C,, C,, C,, Cvvrvnnenns C, for
BKP]ZEZBKZ.?' ¥4

CON(1-25): Cy Co Cgevvnnnnn .. Cox for
BKP2 2 E > BKP3.

CON(1-25): Cy, Coy Cgevvvnenens Cys for
BKP3 2 E 2 BKP4,

°

[ 4

o ‘
CON(1-25): Cy, Cp, C3evtnnnnnnn Cys for E 2 BKP4.
Values of \(E,)) for each neutron energy group for use in

extrapolating either the monovariant or bivariant neutron
spectra data for values of W > 120.0 gm/cm®.
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Address

4750

4780

5020

5050

5350

5360

5363

Array

Data Dimension
RSPG (30, 10)
RSPG(k, 1)
RSPG(k, 2)
RSPG(k, 10)
RSPN (30, 10)
RSPN(i, 1)
RSPA (1, 10)
RCORD (3, 25)
RCORD(i, 1)

RCORD(i, 2)

Astronuciear
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Description

Group-dependent gamma ray response functions. The
user must input at least one set of data., If collided and
uncollided energy flux is desired as output data, one set
of RSPG values must be input as 1.0. The program will
provide NRSPG sets of data, and the sum or total over
NGG groups for each response function.

Response function No. 1, for each energy group, k.

Response function No. 2, for each energy group, k.
[ ]
L

Response function No. 10, for each energy group, k.

Group dependent response functions for the neutron spec-
tra data. The user must input at least one set of data. If
the total (sum over groups) response is desired, (i.e.,
total neutrons/cm“-sec) the energy width for each group
must appear in RSPN or in the neutron group source,

NSOUR.

RSPN is input in the same order as RSPG starting with
address, 5050.

Response functions for the Albert-Welton function. The
user must input at least one value of RSPA (i.e., RSPA
(1)=1.0). The program will provide NRSPA values of
output.

Detector point coordinates (Rp), Zp, 0p) for NDET de-
tector points. The detector points must not lie on a
boundary of a zone. A maximum of 25 detector points

per problem are permitted.
(Rp, Zp, 8p), for detector No. 1.

(RD' ZD’ GD), for detector No. 2.
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~ Array
Address Data Dimension Description
5349 RCORD(i, 3) (Rpr Zp» GD), for detector No. 3.
[ ] ® [ J
L ] [ ]
L [ ]
5435 RCORD(i, 25) (RD-' ZD' gD), for detector No. 25.
5510 SSOT (3) Source region translation coordinates (X, Y, Z7).

The values of SSOT may be used to translate the source
region in the problem geometry so that the input source
data can be relative to (0,0, 0).

THE FOLLOWING INPUT DATA ARE REQUIRED ONLY IF MATL IS GREATER THAN ZERO

5513 ZAT (20) Atomic number (electrons per atom) of each element for
which gamma ray absorption coefficients, are to be cal-
culated by the program. The calculated values, in units
of cmz/gm, will appear as the first MATL sets of gamma
ray absorption coefficients, If coefficients are input in
conjunction with calculated values, then the input values

must be the MATL + 1 to MAT sets of values.

THE FOLLOWING INPUT DATA ARE REQUIRED ONLY IF LSIT IS GREATER THAN 0O

5533 RSIT (21) Radial coordinates of source distribution data to be used
in the source interpolation routine. There are LSIT values
required. The range of RSIT should be greater than or
equal to the range of the radial values, RS, so that only
interpolation of data is used.

5554 ZsIT (21) Axial coordinates of the source distribution data to be
used in the source interpolation routine. There are MSIT
values required. The range of ZSIT should be greater than
or equal to the range of the axial values, Z5, so that only
interpolation is used.

FSITGH, , k) (21,2,2) Source distribution data to be used in the source interpo-
lation routine. There are LSIT and MSIT values required.
Source interpolation is calculated for both gamma ray
and neutron source distributions,
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Address Data Dimension
5575 FSIT(i,1,1)
5596 FSIT(i,2,1)
5617 FSIT(i,1, 2)
5638 FSIT(i, 2, 2)
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Description

Radial gamma ray source data.
Axial gamma ray source data,
Radial neutron source data.

Axial neutron source data.
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SECTION
5.0 OUTPUT DATA FORMAT

The KAP-V output data is dependent upon the input control words IOUT (1) and
IOUT (2) entered at address 32 and 33, respectively. The control word, IOUT (1), controls
the print out of the input data. The control word, 1OUT (2) controls the print out of the

output data.
5.1 INPUT DATA PRINT OUT

The print out of the input data will be described first. If IOUT (1) is set at zero,
no input data will be printed, except the program title. This is followed by the output
data described in Section 5. 2.

If IOUT (1) is set equal to one, the program title is printed, and is followed by a

print out of the image of each input data card as used by the computer. Therefore, only

columns 11072 are printed. One exception must be noted: If the floating point data, input
at address 2060, includes the surface equation constant, D, for equation types 1, 2, or 3,
the printed value in the card image is D2 instead of D. The card image output is followed
by the output data described in Section 5.2.

If IOUT (1) is set equal to two, the input data is printed out as described for
IOUT (1) equal to one plus a set of labeled input data. This labeled print out is self
explanatory (See the sample problem print). Included in the labeled print out are the
normalized source distribution data. The labeled print out of the input is followed by the
output described in Section 5. 2.
5.2 OUTPUT DATA PRINT OUT

The output print out is obviously dependent upon the types of material attenuation
functions that are requested in a particular problem. The output is also dependent upon the
ISUM Control (address 31), and the IOUT (2) Control (address 33).

If IOUT (2) is set equal to zero, output is printed for each individual source
region in the problem. If IOUT (2) is equal to one, the output for each source region is
not printed out. (A NOTE OF CAUTION: If the problem contains only one source region,

IOUT (2) must be set equal to zero in order to cbtain any answers).
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The control word, (ISUM), controls the subtotal output over various source
regions, and the grand total output over all source regions, as described in the input
data instructions (Section 4.0).

If a gamma ray calculation is performed, the collided fluxes multiplied by each
set of response functions is printed for the first detector point, for each gamma ray group,
as well as the total. This is followed by the uncollided gamma ray data.

If an Albert-Welton calculation is performed, the output multiplied by the response
functions follows the gamma ray output data.

If neutron spectra are calculated, the neutron spectra data multiplied by the re-
sponse functions are then printed.

At the end of the output data for each detector point, a comment is printed which
tells the program user how many times the value of 20.0 mean free paths, for gamma rays,
or 120.0 gm/cm2, for neutrons, was exceeded for a source region.

A sample printout is included with the sample problem.
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SECTION
6.0 SAMPLE PROBLEM

6.1 DESCRIPTION

A sample problem is included here to illustrate more clearly the input and output
data of the KAP-V program.

The geometry and material description for the sample problem are shown in Figure
8. The problem consists of three material cylindrical regions (Zones I, 11, and Ill), and
three outside regions (Zones 1V, V, and VI).

The single cylindrical source region is Zone |. The source distribution which is
the same for both neutrons and gamma rays is described as uniform in both the radial and
axial directions. Variable azimuthal source spacing is employed. Thirteen gamma ray
source energy groups describe the source. Gamma ray total absorption coefficients are
requested from the built-in library. Water dose buildup factors are input to the program.

The monovariant neutron spectium option is employed with carbon as the
reference material.

Two sets of response functions for both gamma ray data and neutron data are
employed.

The problem consists of five detector points as indicated by D D2, etc. in

Figure 8. !
6. 2 INPUT DATA

The actual FORTRAN input data sheets for the sample problem are given in
Table 3. The letters in columns 73 through 80 for the fixed and floating point data refer
to the FORTRAN symbol described previously in Section 4.0.
6.3 OUTPUT DATA |

The printed output data from a KAP-V problem (CDC 6600 computer job) for the
sample problem is presented in Table 4. '

The first three pages of output are the card images. Pages 4 through 14 are the

labeled input data. This labeled input data is helpful in locating errors or as a permanent
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record of the input used for a porhcular problem. The normalized source dafa are
included on pages 5 through 8. The gamma ray absorption coefficients (cm /gm)
obtained from the program library are listed on pages 10 and 11. Notice that, on page
8, the region ambiguity indices which are computed within the program, are printed out.

The calculated output data printout begins on page 14. The column labeled
GAM RESP 1, is the gamma ray flux multiplied by the first set of gamma ray response
functions which yield units of R/hr. The column labeled GAM RESP 2, is the gamma ray
flux multiplied by the second set of gamma ray response functions which yield units of
watts/gm of steel.

The column labeled NEUT. 1 is the neutron spectrum multiplied by the first
neutron response function. The units of NEUT. | are rads (tissue)/hr. These units were
made compatible with the differential neutron spectra data by inputting the NSOUR data
as A E x 2.46 neutronsffission. The column labeled NEUT. 1 is the neutron spectrum
multiplied by the second response function, and the units, therefore, are n/cmz-sec.

The remainder of the printout is self-explanatory.

79



) | _ [ [ [ _ [ AT “UdLFAWEY I¢
_ | _ _ _ _ _ WrPd Ud IIWEY <
| _ | _ | [ _ 73 IAI LI LIqQTEY £
_ | _ _ | [ _ | | _
| _ _ _ _ _ _ R L L3TETY €
i | I _ | | | | e [ _
| | [ | _ _ [ 3 KL €
_ _ [ | [ _ [ [ [ |
| _ | _ | _ | _ Zl ImINET] €
_ _ | [ [ _ _ _ | |
| [ _ _ _ _ _ _ [P LELLETR €
[ | [ | _ _ ] | _ |
_ | _ | | | _ I 2 d93y W¥9btl €
_ _ _ ! _ _ | _ | |
| | | | “ | | IR RCLELILLETRY £ o
| _ | _ | | ! | | @
_ _ _ [ SN@IP3Y 3Ipn9S 17V ITNP FFTIYWWR S Jo] 57
[ _ _ | | [ _ _ | _
_ _ _ [ |FoYNPS T 1537 ns %L s/
_ _ _ _ [ _ _ _ _ |
[ _ _ SLTNS 39 WNIFLYINTVD NPITIIY F3¥ngs N F S
[ _ _ I _ _ _ | _ _
_ _ _ _ | qu_u.%w ‘d | IN 173 ¢ s/
_ | | _ _ _ _ | [ [
TITY VOIS WOFT X Is) CSwTPIY THNTIXI TINVL  NeIHIT TIIP TP AT 5
_ _ | | _ [ _ _ _ |
mn.k.:_uxm thuuhua_ 3ATd _a\hwtu _nmL.QQw_aﬂﬂ NHﬂﬂuQmu_ X I N_auu\t T s/
of6e 8¢ L st vt €t ::2835383325883:33%33;SSS:Q#S?%SSQHGRQSR&_nﬁ-::uzﬂvunﬁﬂﬂ._._:22:2«.:2. L3 mn yezi .
— I TON 0TS r,wz.: IN3WNILY1S NVH1¥O4 2| on tavis
m w q * _.\.zf *ON ST TON ¥J30 [TON WYHOUNHd 31vQ INOHd wlh QQ m‘k»“:k<z< €u4m°“ ﬂas QMM_»
g s i
g m W04 ONIGOS - NYALEO4 uojeiodion 91193(3 ISNOYBULSIM @
%e
< 3

®

$133HS INdNI W3180¥d FTdWVS '€ 319vl




Astronuclear
Laboratory

| I [ [ | [ _ J [ I
| | I | | | | I ! I
| f | ! | | I Bl t {
_ [ [ | | _ [ [ | [
! | | I [ _ | I i |
[ _ [ _ | | | | _ _
_ _ _ | [ | _ | _ |
I _ I _ I | [ [ [ |
| _ _ ! | | ! | [ [
AL | _ | _ | _ i | AR i
Neg7 I [ ! I | | | | | £ 0¢S [
s NE NI LN [ | | _ | | _ | _ I Wt I
5981 | _ _ _ _ _ _ | 1 s [
TEXPS _ _ [ _ i _ . [ 9 € 35 @gr77 T
LR [ _ _ _ _ | _ I e &5 7 875 ) -
evTAILAN [ _ | ! [ ~ w € [ 5  gill E ©
tees _ | | _ _ _ EY ¢ 1 205 F
TVZIWIN | | _ | | _ _ . d T 0T £
e g7 _ _ _ i | _ _ _ S £ ¥ 995 3
TNZIJS LN ! [ [ ] _ _ _ € ® S woril 3
19er _ | _ m [ _ I # 1 005 3
| FEdWoN ! _ _ _ _ | 9 § F ¢ 1€ 7 ot 9
NZdNgnN | | _ _ _ _ i="T-1T-f & € ©ot 9
47ja 3~ _ | I _ _ _ | € € 9 9 9 wal S
TIPS | _ | | _ | o7 pPr'§g 9 & @15 03 l
SNYTLIP _ _ W F F 0 ® § @ 1 | ¢ @ [ 1@ | [©°F i
SEEPEL _ _ | THENE AN NI |
0Bp6L 8L L1 S vt L E:.23.3883353883583322.nﬂ’???n@!?%:328538835SSRER-«E-«RN—NES-—to—n—!n—u—:2-.~wncna— - 13y
“ON "D1S x AN3IW3ILVLIS NVHLI¥04 u "ON " 1ViS
g © mc ;_ W __ _ “ vivG Iwnled Q3xig w3T1@0yd 3 18WV

W03 ONIGD - NYHLHO4 L0RI00I0 21119313 3SNoYBuIISIM @



B X ] _ _ _ g 617 | R | o/ Tk9/¢ 3

A [ [ [ [ [ 0707 ] A [ 0°] 0917 [

a8 a 10797 | | & 05 5T | @ Ll | 0°¢g @?0Y 5

LICE 2 CAKA | 777 RGN | 077 _ 0°d109%l S

TP X 00 | a0 4 0 0 | 00 00 @I9L1 5

AP SN TR 1o v SAA Y SFA P | E¢¢ EIsERT B

angs | E87F | 8877 pEE L | YA T 8L°b loghl 2

anPs o [ [ | Lo- 6TL°] 30- Lo 5 Lo- _mwm.m_o\m\ v

IMPS IR o- V5 7 30 - 97 A (Lo- #o&7] |80~ R4 T6L7¢ |50/ ] S

InNOs9z0-  FSL L §0- 170k 8G-  |L55'Y 189-  [LAEF (80- AT (00FR] 5

S|Twd [ _ [ _ _ _ _ _ XA J
REGD) RIBA WA €7 | F 827 | y Ls] 8¢ s
SiT#d SRR A | vA5° [ | &9 | | 7T | 077 ¢l g ,

hlT# [ | _ _ [ | _ _ | A1 BT /

| TH | 23" T | 1 13°¢ [ oT 0 | 25 A MEAL S

H{zHd Pt | TF6 | | §T9 | KX LA AR S &

£[Td _ I [ RT7E ] | €C°T | [ 9¢ 7 ] [ 757 96 1

glxnd | £37T | (YANN [ 38T | TEE | |00 |Th s

T[TNd i _ | _ | | | +7T7% e |5¢ Y

~ Yz wd B0 | [ 2377 (LA KA | o 7l 5

1[THd MO Bse'r | 1 2577 ) [ S8L7 | _ O°0 Wbk s

sz | i _ [ A4 CCAAN o871 8¢ Y

sZ T+ 77 YA | 9783 | | 770 _ STET g¢ 5

3 [3705 [ 173¢ | | $70¢ | (e si | e 9 80 5

SY [ | | [ _ _ | S | 3795 &1 !

Sy | eraf _o.om_ [ 0°GF | joror | [ 070 (L k3

IPsY | _ | ] | | | 970 AT 4

oL &L 1L sYsL v &L :.:._:88583338_.338533323_mﬁov-vhwovnvsnv«v—QSESSRRSRQ_nﬂﬂﬁzﬂﬂzﬁﬁ_uﬁn_-:.—o—m—!n.u-:2. [ K3 wn ycd -2y
- e P S I iRl A3TEey d SRS
W03 ONIGD3 - NYHLN04 uoijeodion 911§ asnoy3ulSam @

Astronuclear
Laboratory

®




@ Astronuclear
Laboratory

a 1gf _ Ho— Alifh-] HO/Ta" | B/sL T 99,87 13/¢H /
qir [ tho—  LiTT €-] JLATO" BLoL | FLeb™ \HIChH I3
qTr [ the- &5 - [€o~ RFf6°5 | 9€€9 " | | 68&6° 0TCF F
Q118 | IS5o—- st 't~ [fo- " NELTT- | ILSES . | JoO0 T povh Fd
[k _ So—  [SL&7F g0 - Si87 7€~ | | €LA° | zo9 T zol% g
I8 [ so- Lb6ITb Ko- IS8TH- €9CA " | 200 186 F 7i
Rk _ thao- CETT] [Co~ 7[S& 5- | ROLE | FO0 ] F6T R $
T | o= fSET] (KO- BRI | TRALA ST 108 TH k
LE] [ [ [ i I €7 A [~ 0] w@ls¢ <
PN3 R KA | 5S¢ | | 3°C | | 5S¢ B95¢ B
O~ 3 [ 5 | | S5 | 5771 | S€°L | I 583 p9st 5
FIGNS _ _ _ _ _ _ _ _ \Leso” p5s¢E l
NAZS _ | | _ (1690 | | & Ta | AXANT I [l
N3SX Lo | ILoAdT | | ¥Lo® | A _ 9 0tSE 5
weo _ | _ | _ | _ iLo= | 0 1 795°¢ ] &

W93 _ | _ _ _ _ Lo- | 07 |5ASE ]
WP S|La- | 27 | | I _ _ _ _ Y30 5
d[we> | _ _ _ | _ 9257 | | LYY 5057 3
woP> | 9527 | _ | | _ | Z9¢° 20~ [ AT"5 1a0ST <
dwe> | _ _ | _ _ _ _ _ S8F? £
d[Wo o _ _ _ _ [ 577 | ©°0 [§¢= | O L [0SFF 5
dupo | | [ _ _ _ | _ &9 1LY !
LA _ | A | | | | _ @9FT 5
o _ | | ! 0797 | | 00| 0T SLTY g
Z kX _ _ | _ I | 90| [ o PLT¢ £
ZiX | _ _ _ [ae ol | | G670 o 00T |597°F ¢
TAX | | | _ | 0707 A | €709 991¢ [

0B{sL 8L 1L 9L)SL W &L &:Euu.uﬁooﬂvo&ﬁ_.“3335321.22:..3.va.a’:smvo*mva_vcvmmunhm%mnnvnmnan_mﬁmnwuhuﬁnuﬂvw@ﬁ_uﬁm_-:—w_m_!n_N,_: 0Ls 91¢ H m 14 n [ 9
TON OIS xﬁc INIWILVLS NYHINOS e evas

22 N IR O B IO o | I i A

W04 SNIGO? - NYXLHO uone10d107) 911193|3 aSNOYBULISIM @



[ _ _ [ _ [ | _ [ [
_ «:? eSSL T Ra- 96Y F- 5e- LS "7- ILo- FHOZ [ 16]- SSIS0°[-C7Sh <
i g > LT T Ro- 20/S A- 50~ 96 <~ L0- 1] Wl- Th5"$- @75# s
\ We> N7s%7" [To- §48L fi- |59- gF& T~ [Lo- F95F [ @I- 98b6C 1- 5OSH 5
i w7 > TF99 - (0= 95T S- 150-  [CLL-F |80~ sy ¥~ (/-  [X81°L @a5A s A
i> LYl " T- eo- L85 h- |50~ SR 8o~ YrAC (- /]~ €es T 1557 A S
W7 > S5 €- O~ ES%A A= 50— (199 R Lo- FSLIT[- 0]~ €680 [ |0bhA 5
Wg > §F8 h- o - %59 F- [509- L8R L Lo- J8JT°T- o] - 3SEC ¢ |s8Ah 5
[[ D) be?T L- zo- 3¢ I~ o=~ &&F6 [~ (o— LeI9°5 o]- THEE S - 08+ h 53
Wg > ST T-zo- L(pb [- (pO- CAS 7~ Lo~ SEXIF ol- LLSOTE- SLFA 5
£ Fo8 0T - 20~ /T §- 150- LTF 8 Bo- 2pl0°s [ol~ LI€ T+ alth 5
Ne>H COELE - [1°- Y18 b [£0- ¢HLT 5~ tho-  Zoal'1 lo- 3F8 8- stk 3
WG FECSE - @0- (@FRT 0 95t 9= [J0- 908 €- (8O- | F9°T o %A 5
He yILF - go- 9401 8- |go- FLLb 'S ho- LHEH[- 110~ WRE [ |SST4 J
(YD) FAIST - (0= €IS T~ [€0- YRILTE o= gH/p X~ (90~ 560 "¢ o3Eh 5 3
LI/ [Hb08 "~ [0~ .‘._;.«; €G- S|<o0L° [ tho~ R4S "h- 70~ BILTE sHEh B
p) CRET " [- [[0- 507°5- [T0- TTET°€ tho~ S50 8- [70- [#L7T phzh 5
(B CHEE /- 10= THI6 7= [x0- FIFC A (go- (10" [~ JO-— |TT0"L 5EEh b
wo > Cesc €- 19~ 195775~ [T0- LSS go- NipTT= |50~ LILTT] |o%<Th S
T ) TFP € | ESEE /- TU- <isth 8 [go- CNLI"T- [po- | t8 1 |52¢h S
) LS R LRET 1= (10~ &M@ ] Eo~ I557°C- 150~ QTR P [oCEf b3
'Rk} | [ _ _ [ _ [ _ | 007 ATY%hH [
I | wa- #E7°CT | Tl | 99 T AL BTTH F
I _ TR €A BLTE" | AP Joo T #ETh ¥
q 719 [ o~ ML b- | wILT™ | | L85 | £96b7 10%ChH +
ap 19 [ g0~ tHo T~ JLHLT ™ | | 3¢5 | 8AL6" AYtH 7
T _ Fo- 1Pk 9- | €8T | LSEZ F5Eb |TCEH i
O0J6L 8L LL 8YSL YL EL 2:288588383-&8%!53&332_mﬂ3.3:3939«'—qsgﬂhnmsmnonnnnn_nﬂﬂgn«-«ﬁ‘v«ﬂﬁ—«ﬁ!-_:-—n—!n:_:--nmmvluu— .
— “ON "03S pwua ININILVLS NVYL¥OS z| on vis
m = 9 5 _ # _ _E ] AT 1Y) WIgoyd 3IdWVg
W M W04 ONIO3 - NYHLHO uopes0di0g 911199]3 3snoyBulsam @
% e
<

®




@ Astronuclear
Laboratory

| | ] ] ] | J I I |
[ _ [ f [ [ [ | I I
r | | _ _ | [ _ [ [ |
i _ | | _ _ _ _ | _ _
“ [ [ [ [ [ _ | | | _
[ _ [ | [ _ _ _ _ _
| | [ | _ ! _ [ [ ! |
’ LVZ _ ! | _ 1 9776 | | 0737 | 197 9¢ glss 5
_ Iy [ AT | [ @' 9 | [ 0 A | CECE [ o1 g£(s55 )
1i¢¢ | i _ _ 970 | 070 | 970 |pJsS 5
[(F[(WFi i [ _ _ | 0 | 0°8TT | [ 70T |7LES 3
IOy _ _ _ _ [ 00 | [0°8TY | | 9°7b 15988 I3
R/ 5] _ _ _ _ | 0 0] 837 | ot/ 17%¢S 3
: JAFH Y _ | I | e v 9778 0°rel (&£aES £
R F: 2] * _ _ _ [ 670 | 13T foer ] 09ty ¢
(1R [ a1l | K a7 a7 | 0°] (S805 B w0
NEs ¥ | 01 MR M o1 ] CAMCE A 5] e
d - 89 0- | OF 7 20— | 2878 s0- | 8977 |Sa- [ Z¥7T |so- | §RT1 |sS05 5
Nds s o- |t ] I59- [ 77T |g9- | &7 |5°- { AT Fo- 7267 9595 S
9l4sd _ _ [ 7= [SAS Ppri- [ 2s fISI- | 114 [0bLh ¢
s J5 /- | &8°¢% S~ [T 5/~ [ S9°€ |5/~ | 27°¢€ 5/~ | 65 C |s&8Lh S
AISHS 7- [T ¢ 15/- | F9°t /- | £L°F |S7- | £8°¢€ (ST~ I TH°E lo&Lh S
459 | | _ [90 - | 97 [o- [£2° 1 70~ IRAMEBIYNIE:] v
dSd20- [ 8F°T (40~ Fees) Yoo A AR e 1 90~ V ST T sSLF S
% EAY I [ ST |L0- | 56 Lo- | TT6 L0~ | §7F 1L¢- | 5% oSih S5
a_.:x e | REEO | ReEo " | A [Zt%o " |S¥LH S
0 Vomo. _ _HWNO. _ _Ndo. | _W.‘.do _ _nﬁﬂo.. 0eLhH S
m_eM!.ﬂ:upm:nn 143 :.E.SSSH&SEBJS&SSSR}S% _mSnﬂ_nw:wvn-vvn-.«v—v?onaﬁnqﬁnn%R«m _nﬁmnzﬁoam«“cunnwu—uﬁq—.—n—”ﬂ“v“—h”“—h““mﬂ“ L Wnn” .n;MA— .
__J. = Ma _ _ _ _ JLY9qQ Latod HnrLved W3780yd ITdWYS

W04 SNIGOD - NVHLYOA uoIBI00107 211193|3 ASNOYBULSIM @



Astronuclear
Laboratory

0
0
00+300108€°1
00+300068°%

802300L66°9
80230045€°2

000300028°2
00+300g52°1

00+300028°2
00+300652°1

002300045°t
00,300560°2
00,300091.¢

2003001411
10,300080+§

10430000009

°0
‘0
00+300L10°2
00+300068°¢

90-300291°¢
80°30099¢"¢

00+300016°2
10=30002¢°6

00300016°2
10%30002¢°6
00°300091°€
00*3006L1°1

00+300046°1
00+.30085€°2
2003000910°1
10030001g°¢€

100300000°€

2 € 0
9

1NO INI¥d WI190dd F1dWVS

0

0
00+300G09°2
0003006¢€°L
10=300624° ¢
10+300908°(
20-300466°2

00¢300002°2
10=300082°9

00300002°2
10-300082°9

00+3000¢L°2
10*300058°L

00+43008¢0°1
0043000461
10430000648
{003000G0¢€
20430002201

10430000042

2 U 1

0 2 2 9

1

.c LX]

o° .°
004300G09°2 000300999°C
00¢30009.°6 00¢300094°6
90=300449°S LO~30065%°Y
80-300€t2°2 80~30016L°C
805300L0€°y 80=300841°1
00¢3000%1°€

00+3000988°T 00¢300046°1
10=3000¢1°¢ °y
00+300001°¢

00¢300088°T 00300045°1
10=300001°¢ *y
00¢30009€°2 00¢300096°1
10°300626°¢ *0
000300001°¢c 00¢300029°2
10.3000¢2°S )
10300068, o0
104300019¢; 1043000GEe9
1063001261 o
2043000021 2043000811
104300080§

10430000001 ol
*0 00¢300000°1

2

€

1

t

9 € S

€ & 1

] 2 1 S

¢ 2 + 1

y 9 1

s € 2

£ 2 &

y 2 1

9 ¢ ¢ 2 € 1
{= = 1« & € €

E € 9 9 9

0 0

Tt ot 8 9 ¢ 2U S
1 ﬁﬁ o o 1t o 1t
s & 9 8 0r g1

U131IHS d0L 1004 3NO *¥0403
143y 30IS HONI XIS *SNOIO3Y TYNEILXI 33uMl *NOTIO3Y 3809 3NO
¢SINIOd 40193130 A4 *3¥09 034vy3I00n 31INHd*YO ¥O4 anNMNIOn

090!
o9l
SEvl
oce!
otel
1132
oovl
g€l
ecl
tel
221
Lt
etl
96
16
178
oL
(-1
€t
8e
8¢
et

L

1
ogtt
0¢s
s2ll
v2%
gttt
81§
rA8 4!
21s
90tl
90§
oottt
00Ss
00€
002
out
Si
0s
02

1

voAavl

0=
Vg
0=g
V=g
V=t
0=s
o5
=1
V=9
Veg
Vel
ves
Vs
U=y
u=s
0=e
Ve$S
Ve
VaS
0eg
0ut
val
Va§
Ueg
11
0=
O=1
Vel
0-€
0=t
U=y
0=y
U=t
0=t
=€
U=t
0=9
V=9
Q=g
O=¢
U}
O=91
V=11

86




Astronuclear
Laboratory

10,20€CEL €=
noiueﬂnnﬂonl
10230999L v
1030909969~
102306660°8°
00+30€cEE" [~
00e30ccER* (-

00+30€ESE° 2"
00+30€CYY°E"
000302€L5°%y"

00430000Ge1
00430000G°%

20+«300041°2

40=300000°1

1030009542
™
‘e

€0030095€°*y

20.30291g°8

20.30€0%9e2

2023209001°8~
10=30299g°te
10=300¢%19°2*
10=300601°S~
102302696° 9=
10~309950°6~
00+30cc2¢c° (e
00°30L969°1~

20=3004€9°2
€0=30001,°1
90300996~
€0=300€%0° =
40=30019¢°9~
90.300010%y,
90300,1¢C €
90.30018G° 1.
¢0=300592°2~
Gg0=300G.6°Y
60=300L61°6
¥0=300281°1
$0“3004G€° T

000300000°2
00030000g°S
20~3000.0°y

‘g
™
0w

10=300000°S

€0*399086°2

€0.30€6.2¢5e
90.3009¢2¢9,
€0e30%L66°S
€o0=30201L°%
€0=30%20L°1
20=30l1¢1°'¢e
202309992y
20=300L.6°%
20=30€629°8
10=30¢€190°1

10=3002,2°%¢
10=3008.2°¢C
10=300912°1
mosuou“»onm
030
20.300951°¢
20.30082901
€0.3008C0 S
90230066, ° 1~
€0=300691°€E~
no-u““mmo“m.
- -
mn-Wooomm.or
10.300000°¢€
0003000052
0043000059

€0=300001°6
€0-300002°¢L

*w
Y-
0w
U,

00+3000g9°1

Ve
20+300004°1
10*300000° 1~
10*300000°1
10+300000° 1
20+300086€° 1
10*300000°!
20°30002¢°1

90.300901¢1

90,30090@+€.
90230L686°1e
¥0=308919°2~
90=309665°y*
90=305260° 9~
€0=3011g0°t~
€0=300919°1~
€0=3021,1°2-
€0~304569°2«

003006901
10+300205°¢
10=300028°6
“c.u“ooc~”o
0~30026€
10300575
10.300920¢,
10.3009¢€2¢9
10-300,6¢€°S
10=3000g.°%¢
10~300€92°y
10=300206°¢
10=3009t5°¢
10+300000°;
004300008°2
0043000g2°%;

20=300006°1
10«300000°¢

.O'
10=30009L°S
t0=300029°2

*0a

‘0

no-

‘0

70
0
20+300042°1

40230089848
80.3000492
90«300998°T
90=300660°2
90+300896°¢
90=300€9L°9
90=300220°%6
s0=30L20841°t
0+~300028°%
G0=3UEEvE*2
10°300000°9
10-300996°s
00+300100°1
10=300896%¢
10~300896°%6
10=3009G6°%
10.300996%
10.3000.606
10.30006646
00+300100°1
00+300200°¢
00°300€00°1
00+¢300400°T
009300600°1
004300000°1
00030V0009°¢
004300005°g
20.3000.00y
203000012
10-300000°9
L0=300000°1
L0=300000°1
‘Q'
003000.E°2
20~300091¢g
(Y™
£0=300000°,
0043000691

Sow

00300000°1
00*300000°1
20*300000°1
10+300000°9
00300000°¢
00*300000°%
o
[V}

S9CY
09¢y
SSEY
0sEY
Sy
ovEY
SECY
oceEY
Y13
ozey
1213
scey
ey
og2y
922y
eeey
gley
yi2y
0t2y
902y
202y
o961
voley
06l
04SE
g9st
09GE
0sst
SERE
Ogge
996¢
Sese
02s¢
114
ovse

S8vZ

Oaee
L9v2
05ve
Site
eLie
6912
9912
€91¢
0912
090¢

Ve§
Va§
Oeg
O-g
V=9
O=g
U=g
=g
=g
O=g
0=t
O=y
U=y
U=y
ey
O~y
Oue
Ouy
Ouy
U=y
Omy
O~y
O~y
b=y
e'm
Oug
0eg
Vwl
Usg
O=9
0=1
u=1
0=g
U=¢

Vet
V=g
vel
0=g
V=€
vTE
["hal
0=¢
0=g
V=€
u=s

87



Astronuclear
Laboratory

®

10300009°2

0ve300000°1
00,300000°1t
902300000y
G0=300029°1

Ggl=300088°¢E
Gl=300029°¢

90=30008%"°1
90-300090°1
20=30002€°¢E
20=300050°€
00+308%5L°1
00e30L961°1
10=301269°1
10-3006%9°9-
004302249 1=
00e309GE2°E~
00+3008%8°Y~
00¢306€29°L"
[Ue30G001° 1~
[Ve300ggl°el-

00+300000°9

00+300000°1
00+300000°1
90-30002,°8
G0=30001,° 1

G1=30000.°€
S1-400069°CE

90=3000L€°T

L0=30000G°6

20-30002¢ €

20=400028°2

20-400962°%"
20=408216° 9=
20=30t68,.° "~
20=409G.1°*%-
20-300.8G°* 7~
20-30€GEN° 9~
20=409€G9° Y~
20-300.9¢° 1~
20=300,96° L~
20=300glg° g~

{0e300002¢6
00«300000°
*u
‘o
‘o
‘0
*0
*0
0o*30v000°1L
U0e300000°t
G0=30V0R0* L
s0=3000gs°1
G1=30V0G9°*S
w1=300V0g9 "t
Q1=30V02.°¢E
90=30V099°1
90=3000L¢°1
L0=300002°6
20=30002¢°¢E
20~30000.°2
Q0=30U924° 9=
Q0=30V966°E=
S0=30vBne°<E-
G0=300222°2
Q0=30ULEene
LW0=300199°Y
w0=30V.8%°%6
v0-300896° 1=
90=302965° L=
WO'UOCNQQ.G

103000082
Que300000%¢
*0
2u+300082°2
20+300082%2
20+300089°1
to*300091°%6
10+300026°1
00+300000°1
00.300000°1
gu=3000;2*1
GU=3000%6°1
SI=300028"
G[=300029°¢
G1=3000€8°€
90=300049°1
90=3000€2"°1
Lu=300008°®
20=30002¢€°€
2u=1000G%°¢
Lu=30%908"°1
Lo=300191°%1
LU=3099G%°
gu=3046S9° ¢~
BUe302292* 1=
10=300G 1" 1=
LU=308RT1 %€=
L0=30LEQ0° G
Lu=30GE21°»
gu=130210°4

1063U0009e2
G0e3LOCO0T
°y
10+3v0050°%¢
1o*3v0091°6
2o+3duooee’t
20*3000¢e’ 1
20+3v002é°1
v0*3000G00°T
V0edU0U00T
0=30006%¢1
G0=300026°1
Gl=400022°%y
G{=3U006%°E
w1=400016°E
wo=300019°1
w0=300051°1
L0=3u000%°Y
20=3u002¢°¢t
20=3000EL®2
ul=4usesgul-
[1=3u0199°*s"
ul=3u9gee° =
T1=dv0eal e
1T=dU0EEbe 1
Ul=40ERBLT
vl=3uggEc’E
vi=3uivde'e=
ul=3uquee=
C—IMCOQMNoﬂl

gig%
e 1gS
018%
2LES
69€S
99tS
E9ES
0YES
- DL
0gus
1]
09Us
0619
SuLY
03s"
09.LY
CETAY
0S40
QLY
ozLy
5197
vis"
QUG
ous®
1% A4
069y
SEYY
Quovy
YR A‘
C»¢¢

Lt
V=g
et
VTt
vt
U=t
uet
et
v=gy
Valy
Veg
U=4
U=t
uTg
vey
(VAdY
v-5
u-s
U=y
"y
=4
U=y
(Rl
Vey
V=4
vTy
V=g
U=y
ey
Vey

88




(] oo.ococoo.o..o...Jdade 40 *ON
viva IVANILINT 3ouN0S

secesesenolINBINASIA WWIHLANZY
*eenNOTLINHINASIG HYIOd ¥O T¥ixV
sececssseceNOl NETIYLSIA WIAVY
seceonNgIIdo NOILYINDIVD 3IuNOS
ssessessseeelng? 318YE0UE LSON
seeseeeNOILISOdNOD INOZ 3J4NOS

@ Astronuclear
Laboratory

C et o N

SNOIid0 NOLLYINIAYY 3Jun0s

v teves (I, 24ANO L9 GNV 4S/ LY
indug L0410

m S (YInd/ .uux~.oz\o~»zmna »maz
teeosse (19/€%1S/20MNS/T20N/O)
NOL1LVWWNS NOI93@ 3JyNoSsS

SNOLLdO iNlbd

89

sessssevcosg I NIJNON LNVIUVALSG

.ooo...o-whzwxcx PZ(~¢(>WZ&!
0050000008000 sNOL TIMn YAV
teevssseven (SIA/LOON/OINGHINAN

1 soscesers (CIJA/TOON/U) AVYE VYAnvS

Cm=C

SNOI4dO NOLLVINIVY

*oAyvVHEIT WOUHS ST¥INILYWN 40 °ON
(NOLT3I=L143817)SISNOAS I 40 *ON
seee s (NCMININ)SISNOASIE 40 °ON
tecesees {yN?H) SISNOASAY 40 *ON
.oo.c»oooooo‘oo.-m2°mﬁmu 40 oCZ
SeseceseceettceGANYANNDS 40 °*ON
cssvesascscetaegy0123130 30 *ON
tecercoacteeoSNOILISOUNWOIS 30 *ON
0900s0se30cevesSIVINILIYN 40 °ON
: CstusacesegdiONd NONLNIN 40 *ON
m ..ooooo.co.cmmDOGQ d!t(mv 40 -CZ

I VWML ANC O

~” .
-t

iNdNT W31804d TVuaNdo



0043006¢€ 0 00,3006¢€ o0  20,309Te1 20,3191t ol
1030621 0 10,3082°1 60 20438L0°1 203910°1 6
10+3092°1 0 10.3092°1 0 l10e30EG6°6 1Ve3006°% 9
10°30062°1 ‘0 10e3062°1 0 10+03652°8 10¢3019° L
10+3092°1 °0 10.3092°1 0 10e3086°9 TUC3USE®S 9
1003042°18 .0 10,3022¢1 o0 T0e3GlL S 1043080 eg s
10030421 .0 10,3012 1 0 P [-1 2 10.3018°¢ )
00300904 0 00,3009+, 0 10630€EyeE 10,3080 ¢¢ €
10e362G° ! 0 10,362G6¢ 1 o0 lue3GB2e2 tve.ateset 2
toe3t2s°t *0 10.3126°1 0  00e3509°L LI 1
G321YYWEON LAdNT Q3217 vWNON INgNL IN104QIn iNgnl SON
NOWLN3N AVY YWWYD 31 YNICY00D *ld
Y04 B0 VIXY = ViVQ NOILNB1HLISTQ 3JBNUS
*0 °0 t0*3080°s 9
20°3¢c06°Y ‘0 20+3c06°Y °0 10*3246° 10+3000°% S
20°3008°¢€ ‘0 20+3005°€ 0 10°39g6°c  10°3000°¢ )
20°3006° ‘0 20+3006°2 *0 10+3066°2 1u*d000° £
20+300s° °0 204300g°1L 0 10e3186°T 1043000° F) o
10°3000°S 0  10e3000°% 0  00e3140°2 ' 1 o
Q321 YWNON LNaND Q32T IVWNHON LNgNI IN10gOIn lnanNl *ON
NO¥LN3N AVY YHNYY 31YNIQu00) *id

avIQvY = YiVQG NOILNBINASIO 3JuN0S

*0 se((2)VL3)
*0 se(1)vid)
*0 ese((2)1y)
*0 sso ((U)IN)SHILINVEYS NOLLNBLIELSIC

90=3C9E96° se000000 (0371 VNEON]

] sessscrcsens (1NgNI)IIWNOS NOWLININ
90~3EVEVE T eesee (AQ32ITVWHON)
00+300000°1 sececnsres ((NINI)IOBNOS AVY VYWNYVO

SHILINVYEVY NOILNBIHLSIQ ONV 3J8N0S

ot oty @ 9 v vsecsescseneseylNiNNZY JO °ON
21 eeescecs(yy04 HO)IVIXY 40 °ON

Astronuclear
Laboratory

®



S =
2S L0=3161°L *0  L0-3T61%¢ *0 0043595°2  00+309€°2 L
S5 L0°39LL°L 0 L0=3vLL°L ‘0 00%3091°2  00+3096°1 9
] L0=3646°L 0 L0=3646°L 0 0ve3SYL®L  00+30L5°1 5
< L0%*3668°L ‘0 L0=3666°L *0 0ves3eLet 00e36LT°1 L
10=3459°2 0 Lu=3159°L ‘0 [u=3028°6 1U=3058°¢ €
10=3829°L ‘0 L0-3829°L °0 Tu«3.88°S TU=3626°¢ 2
1023829°2 ‘0 L0.3829°L W0 lo=3g96°l *0 1
Q0321 1YWYON iNANT  G321TVWHON iNgNI IN10gQlIw iNani *ON
NO¥LIN3N AVY YWnY9 3LYNION00Q2 *la
€ WVAHALNT IVIQVH ¥04 IVIHINWZY = ViVQ NOILNBIHLSIO 32unOS
‘0 ' 00,30%1°¢ i
90=3110e1 0 90.31T0°1 *0 0043088°2 004302992 9
90=3020°1 0 90.3020°1 *0  0003g5€°2 00e3Gg60°*2 g
90-3020°1 ‘0 90=3020°L *0 0ue32e8°t 004304S5°1 ’
90=3¢10°1 ‘0 90-39l0°( *0 00e360€°T1  00e3890°% 3
90“3810°1 ‘0 90~3810°1 *0 10=3098°L  10=30%2°¢ 2
90<-3810°t ‘0 90-3810°1 ‘0 To~=3029°2 %0 t
03Z17YWyON LNaNT 0321 VWHUN LNgNi INTO4OIN ingNI *ON o~
AVE YWnYO 3LYNION00D *la
2 IVABIAIND IVIAYM Y03 IVIHLNWZY = ViVO NOILNEINLSIO 3Junus
*0 *0 , 00,30%1°¢ S
90.3026. 1 W0 90_3026.1 0 0U,369Le2 00,3G5Ee2 ’
90.31€Ge1 0 90 31€ge1 o0 0UL3996e1 00,3041 £
90~3925°1 *0  90.392g°I °0  0Ue3LLT T va3088ey 2
90=3925°1 0 90a.3926°1 *0 10e3526°€ ‘0 1
Q3Z1YWYON INadNI Q321 VWyUN 1ngnl IN1040Iw LnNgNI *UN
NO¥LNAN AVY VWYY 34 YNIQH00D ‘Ld
U IVABIUINT IVIQVY 804 IVIHANWZY = ViVQO NOILNEINMISIQ 3Dunos
0 *0 2Ue 304201 £l
00+3000°2 ‘0  0043000°s *0  2ue3gE2°l  2Ve3002°1 21
00+3000°2 *0 00,3000°2 *0 2063061l  20e304l°1 T



Astronuclear
Laboratory

®

L0=3612°9
1L0°35620°9
102362049
L0=3612°9
10236209
1032219
L023€80+9
10232019
14032019
L0*~3201°9

0321 1VWHON

L0=3612°9
L0=3520°9
10=3620°9
100361249
102362049
10=3221°%
10=3€60°9
L0~3201°9
10-3201°9
L0=3201°9

03Z11YWHON

L0=3896°L

dndnN1

iNant

°0
‘0

L0=3612°Y
L0-3520°Y
FOIUONO .O
L0.361209
10.3520+9
10.3221+Y
L0.3€8009
L0.32019
L0.32019

‘L0=3201°9

0371 VWHUN

*0
*0
‘0
o0
o0
0
o0
o0
0
0
*0

LNgNl
AVE VYARVO

vivQ
AvyL23dS

0o0e3086°2
00#3599°2
00,355€2
00430%0°2
00,3524 1
0043E1vel
004366001
10.30588°L
10=301L°%
10=30L6°1

INIOdOIn

ADY3IN3I

Viv0 VyYLd34S AVH

00+30%1°€
00e3028°2
0003018°2
OOQUOON-N
0043089°1
00,304G°1
00,3582°1
10.30€9°06
10308299
10e30vleg

“og

4Ngnl
31INIQ¥00D

*ON
dNOud
YunV¥9

1t
ol

—_N e O OO

*ON
‘ld

TVAUIINT TvIQvy ¥O04 VIMLAWZY = ViIVQ NOILNBINLSIO 3JBNUS

Lo=3612°Y
L0=3520°9
L0a3520°Y
10.361209
10_35200Y
L0=3221°9
L0=3€80°Y
10-3201°Y
40.3201°9
L0-3201°Y

U371 1YWyUN

1NaNl
AVH VRNYO

00°3086°2
003599°2
00+365€°2
004309002
00,362401
00+3cTs° 1
00+3660°1
10=3088°L
10.301L°
10=-3046°1

INIOdOInW

00¢3071°€
oo.uomonm
0030
oochowom
004308801
00,304Se1
00+3682°1
1U=302%°6
to=3082°9
10a30%1°E
0

ANanNl
34 YNIQH00D

14
ot

N e O OO

*ON
*La

AVAUILNT IVIAYY 804 IVIHLNWZY = ViVD NOI4NEINASIQ 3J0N0S

L043896°L

0
*0

00e35E6°2

00e30%1°¢€
00e30EL2

6
(]

92




g =
8s
ez
£8s SLINVLISNOI NOIAVND3 ABMYONNOB
2 o
== 2 €= 9 9
1 l S 4
S [ L L/
’ S 2 2 1 9= S l= 2 €
v S 9 £ 1 e 3 e
€ v 2 2 S e 1 1
INOZ °*ONB 3INOZ °UNE 3INOZ °*ONB 3INOZ °*ON@ 3INOZ °*ONE8 3INOZ  °*GNB *dn0)d  3INOZ
SNOILOV4IO3AdS A¥YANNOE INOZ
00+318g° ‘o ot
00*3L10°2 ‘0 6
00+3694°2 *0 8
00°3G599°2 *0 L
00°3899°¢ *o 9
00+3068° *0 S
00*3068°y ‘0 »
00+3SEE°L *0 €
00+308L°%6 *0 F]
00+308L°6 0 t f
vivQ *ON
Vryid3ds ADYIN3 dnouy

viVQ V¥L03dS NOHIN3N

L0=362L°T 10=3000°¢ 4
80«3449°S (0-3000°L 21
L0=3659°  00+3000°1 13
80°3466°9  00+3008°1 ot
8023291°y 00°3000°2 6
LO=»3908°T1  003005°2 8
80«3€12°2 00+3008°2 L
80=3164°c 00%300S°¢c 9
Bu~39SE°2  00+3008°y s
80=399¢°y  00°3006°S v
80-3466°2 00°3005°9 €
903L9€°Y  0003052°L 2
Bue3BYI°Tl  00¢3006°9 1

- GE - an Gy G D O A W AR N AN I . Sy . o -



20230012 °0 0 9
20=3041°2 *0 °0 S
20=3040°" *0 *9Q L
2030024 *0 *0 3
10=3000°1 0 *0 2
10-3000°9 *0 *Q 1
TYAOWIY V13 TvAON3IY *UN
SLINIWOW NOL13m=1y38Y (3% 1Y)

ViV, NOILD3S SSUHMI NOHLANIN

0  4u=3000°T 9
] *0 S
*0 ‘0 ]
' —caucop”n €
‘0" 0° 2
00¢3069°1 ‘0 1
") L SON
*ON Tvlu3divw *dn0)
IvInaivyn A8 SNOLIL1S0dwO) %
‘0 ‘0 * *0 *0 ' 9
10*3000°1 ‘0 *0 0 *0 0 (4
0 L0-3000°1 ‘e *0- °o= *o= v
00*30LE°2 10=3096°2 *0= 0= 10=3029°2 20=30¢l°S £
*Qe- ‘o~ 0= 00¢3089°1 *0 gU=3000°L 2
*0 *0e 10.3000°% eQ= 0. e 1
9 S v 1 2 1 sON
*ON Ivin3iww *dn0d

IvIin3iyw A SNOILISO0dAn0)

€0°*39S€E3y *0 *0 *0 *0 ‘o ‘0 € s
€0+3186°2 *0 *0 0 *0 °0 °0 € b
- 2043025°1 *0 *0 °0 *0 °0 0 9 €
S - 20030L2°%1 ‘0 ‘0 *0 *0 ‘0 ‘0 9 e
5 *0 ‘0 °0 *0 °0 *0 0 9 1
28
S s
=] 00 0z 03 0A 0@ 0x Ov 3dAl QNV °ON °UN8
< .

®




S
S >
© e
—
s S
s 2U=3JERE*Y 20+36E2°C  0043005°¢y S
2w 20-3260°y  20=39E1°E  00+300S°S ’
20-3929°9  20=3280°C 00¢3006°9 3
20-30€L°y  20-3650°C  00+30582°2 ]
20-3998°y 20-38E0°C 003005°@ 1
8 i *ON
ADH3ING *dn0d
*ON viu3divw
* 44300 NOI.LduOSHY MYINIT AVE VYwnVso
10L3€90e1  10e3€90¢1  10.3090¢1 20,.30S¢06 202302206 10.3021¢2 10.3000¢ {
20=36S1°2  20=3;92°, 20-30Ge°; 20-3019°9 20=30GG°9 [0=30g¢°l _o.wooe.m m~
2023906°S  20-3290°9 20+309€°9 20.3059°  20-300G°G  10=3092°T  0043000°T 14
2023606°y  20-3€96°¢y 20-3081°c 20-3065°Y 20-308¢°¢ 10+3060°1 00¢3005°1 ot
20=3162°y  203BEC°y  20~309%°y  20~3096°C 20-30€8°F 20=309.°® 00°3000°2 6
20«3016°C  20°3266°€ 20°3086°C 20-306¢°C 20~306€°F 20=30S.°L 00+3006°2 )
~n.u~¢p.n ~“.uoos.n 20.302,°€ 20.30.2°t 20-30gleg 20e30G2°;/ 0043008°2 i
20=3G65y°€C 20-399¢°C 20=3042°¢ 20430992 20e30g 02 20=3062°9 00+300G°¢
20-39¢2°c  20%3022°t 20%3048°2 204304¢°2 20-3004°2 20-30G£°G 004300G°y M
uo;wo,w“n ~°-wou”“n ~°.u”om”~ ~°.w°-”~ 20%3091°2 20=302.°v 00+3005°g v 0
- - - 0 p O Ol L] - [ [ ]
g823810.F  3003439.5  §8130%8.3  3003060.%  38I30ssil  gosdgszly 9913905l §
2023096°2 20*3426°2 20-3050°2 20«30g,°1 20=30g9°1} 20=30G5°¢ 00¢3006°g 1
9 3 ) € 2 { *ON
AOHINI *dn0)

‘ON Tvlu3lvw
* 44300 NOILlayoSHY ¥VANIT AVy VAwVg

20-30L0%¢  essecesqyAONIY WWINILYN 3INIYIJIN

‘o se0e (L)IVYHY VS
‘0 0000 (g)yMd Iy

*e(vIVHd Y,
0 S LA LR L
L2 000 (2)yNglys
% *000(T)VHAIVe* 94300 NOLTIIMeL NI TY

€0=3001°¢ *0 ‘0 8
20«3006°1 *0 *0 I3



Astronuclear
Laboratory

®

00°399v9° 0
00¢3929°%Le
10+300te1a
10+3600° 1.
10=3¢cEL €~
to=3¢cce*E
10=3L9L°y
10°3.96°9~
10230010
00°*3€EE° 1~
00e3cce°* I~
00+3€S€e 2o
00¢3CY0eEe
00°3cLE v

*w

2023959y
20.319€° 1~
20,3196
20.391€ 9~
203918%

20239992

2043101°¢~
1023996° 1~
to=3010°2~-
10=3501°G~
1023696°9~
10.346006-
°°0Nﬂ~ﬂon'
00036569° 1~

eV

~o-uoo.
€0+30 s.w
90.399L°6~
€O0=3CY0° 1~
90e3196°9~
v0=30l0 e~
s0=3L1c%€E"
v0«3186° 1~
§0.3692°2~
§0.3646°"
ﬂélUFOnoO
s0e3201°1
¥0a306€°1

€8

60e34000%6
90.326%°le
90.3v6Gele
¢0.348908
€0u36L2°9"
90.39€2°9~
Co=3L66°S
€0-381.°0
2023204 °1
20-31€1°¢
20u3992°Y
20.3LL6°S
20,3628

10-3190°1

2y

10=3242°%¢L
10u39i2°C
10,3012
20.31L0°L
10=31€9°¢
20e3001°2
20=39L0°1
€0u30€s°S
v0.356.°1=
€0.368T o8
ﬂQ.UOﬂQQ"
£0=3259°S"
£0.3060°9=

10=3911°¢C"
1039906

10.3€2109

80.3610¢§

90-3801°1

90=3909°€C~
y0=3066°1~
y0e36l92"
90=366G° 9"
90+3€50°0~
€0=3180° 1~
€0391¢9e 1
€034 102«
€0e3969°2"~

v

0tl=39€2°C
0tluL3v26°C~
0la3850¢€C
0tla3612°1=
L0#3998° 68"
80=3099°2
9u=3998°1
90=3660°2
9u=3896°€
9u=3EvL*9
90=3220°%6
SUadbLlel
60302081

gue3ge2ce

ov

viva SLiNIWONW

003690°1
10«3206°6
1023048°6
1030826
10=3,.6€°8
10=3916°L
t0-39L0°L
10«39€2°9
10.345€°S
10.30€Le0
ﬂOlUﬂON.Q
10-3206°¢C
10=3919°¢C

)

1023696
10=3€01°}
20-3€09°¢L
20+3929°S
20=3928°Y
20°3429°¢
20=301s°¢
20=3€4C°Y

1023996°6
00e3100°Y
103896°6
10=3896°6
10+3056°6
10=3996°%6
10=39L6%6
10+3066°6
0043100°1
004320001
00,3€0001
00e3900°1
00+3500°1

* 44300 oNQIINGE AVM

to=3690°1
20=3200°4L
20+3026°S
20=3€S0°Y
20=3692°Y
20=3608°¢
20=302L°¢C
20=3.90°€C

ADYING

10=3000°¢
10-3000°
004300001
00¢3006°1
0003000°2
003006°2
00¢3008°2
0003008°C
003008
00,300G°¢g
OOOUﬁomoo
00+3082°2L
0003006°¢

AOU3ING

10=3000°¢
10=3000°¢
0003000°1
000300§°1
0003000°2
0003006°2
0003000°2
0003006°€

o

Pt NMNEDOr- DO O~ NNM ¢

-02
dNouo

IVINONATIOd ANVIYVAONOW

LK il ol o

~NMEeNOr DO O~ NM

*ON
dNoyd

YRNYO

2!
i
ol
é
]
é
9

96




mm
S8
S5 $1=3088°€  90-3089°1  00+3008°T ot
] Gle300L°C 90=304E°1  00+3000°2 6
< 3 §l=3049°¢c 9QU=3042°t 003008°2 ]
§1=3029°¢ 90=30€2°1 00¢3008°2 L
@ 61=3066°¢ 90=3051°1 000300S°€c 9
6l=3029°¢c 9U=3050°T 00¢300G°y 6
S1=3069°F  L0=3006°6 00+300S§°S ’
Gl=30LL°C L0~3002°6 00+3006°9 €
6le30€8°C L0=3008°8 00+3082°2 2
gle30t6°c L0-3006°8 00+3006°8 t
2 t *ONn
NOTLIONA4 3SNOOSIY ADHMING dNoYo
VivQ 3SNOdS3H AVY YmwVo
20+302€°¢€ ) ot
20=302¢°¢€ *o 6
20+302¢°€ ‘0 ]
20=302¢€°€ *0 L
20=3022°¢ ) 9
20=3050°¢€ 1} S
20=30208°2 ‘0 L) N
20-3004°2 *0 € o~
20=3059°2 *0 2
20=30€L°2 ‘0 1
SON
vOENY ) ADHING dNou9

SUILINVYYY NOILVIOGVYHLXI ViVE SININOW

0 *0 *0 t
0 0 o0 e
0 0 10¢3000°9 t
uamno d3ddn sON
* £ ed 19 09 SL1INIT J9NVY ADH3INI dnNouo
Vivad SININOW TVIWONATOd ANV]INVAILS
00°39§4°1 2023962°9 S0=392G°9* (0=3408°1 01=36S0° 1~ ‘0 01
00°3661°1 20=3C1S°9> $0-3964°L= L0«3[91°1 {le=3teGg* G- * 6
10~3269°1 C0e368L°y= $0-3898°%2= [0»39Gv°] 0le=3962°1~ 90 8
10=3699°9= 20«39L1°G» G0.32L,°2 80=-3099¢2= [l=3281°¢ *0 )
0003€L9°1e 20.3.8G°9e SO0.3i6we] 80.3292¢1= tla3tE6el 0 9
00°39€2°C~ 20236E€9°v= 603190y [0e3G 1T~ O0Tle3680°1 0 S



Im0LY LFY L]

SYIONNN IIWOLY TVIYMIAVN ABVEELT

.° ......N
.° .I....>
.° .....0'

S§3ILYNIQNO0D NOILVISNVEL LN10Od 3JuN0S

Astronuclear
Laboratory

®

0
0
‘0
0
°0

00+3000°1
00+3000°1
00e3000°1
00+3000°1
00e3000°1
003000°1
003000°1
00+3000°1
00+3000°1
00¢3000°1

Gle3059°S
gl=3026°¢
sle30220¢

20e30v2°2
2ue3002°2
2003089°1
1003091°6
ae.Uo~w.—

S3L1VN1QYO00D

103050°¢
1ue3091°6
gueldvia*t
2ue30e2°1
~e.uowm.—

—tNm e

*ON
AN1Od

S$3LYNION00D LNIOd ¥3A1303d

NOTLINNYG 3ISNOASIY

oo.uoc“.~
ADUING

¢
SON
dNouo

VivQ 3§NOdS3IY NOLTIN/Ly3aTv

90=3000°y
90e302L°8
G0-3080°1
So-3042°1
S0=3009°1
$0=3029°1
so=3012°1
S0~308L°1
S0=30v6°1
S0=3046°1
2

NOTLINNY ISNOASIY

90-3099°1
90=3049°1
90.3019°1

ot

~NMeNO~DO

*ON
dNoud

v1vQ 3ISNOdSIY NOWLNIAN

1023000°¢
1023000
003000°1

98



5 >

8s

5 m L2=-361°t  61=3S1v°y  06°t ot

.w 8 L2=3LL8°C Bleiste’l 00°2 6

< S 12-308S°2 61-38L6°8 058°2 ®
82=-31L0°C 61=39%0°t v8°2 &
82-36L6°Y 61«3966°T 06°E 9
82=3998°2 0¢=38%2°9 0&°y S
82-3096°y 61-3092°1 0§°G ¢
82=3050°€C 02-329%°L 0§5°9 ¢
82«3591°y 02~3695°6 S2°L 2
92-3960°1 02-3L62°2 08°9 1

2 dS3y wv9 1 4534 WV

.° .O..ﬂXQ

10+300025°1 LARA AR 4
20+300022°1 scees oy SILYNIQHNOO0D

INO  *1d°130 INIOd 831393

99

S4MNSIy VYNOLLYINIIVI No193y IduN0OS

T NOIO3y 3J4n0S 04 SLINS3IH GILVINIIYY

0 o.otooooo.oooﬂ!h(n Uwﬂh NVIW

E NOILAI0S 32uN0S vIldldanwi
€0=3000°T  °°*¥3L3wvHVd RIWV3IS ANYANNOE
90«3000°1 000 eNOTLISdI HIYVYIS AMVYANNOR

vivd SNOINYINZISIN

10+3002°%6
{0e3008°2
10630092
100300902
00,3000e9
0043000e9¢
00¢3000°¢
000300001

u3GnNN

SCreNMEeNOr O

(=]
2



Astronuclear
Laboratory

®

104300025°1 ssescey
20+300022°1

esecscy SILYNIANOOD

INO  *14°130 ANIOd W3AI393y

S4NS3y TYNOLLYINIVI NOLI93W IDUNOS

82-3891°S  6l=36v9°1
[€=3219°2 €2=3596°L vg'
0E=3261°9 (2=3882°2 04°
62-3048°6 02-399.°C 00°Y
62-3418°2 02=3vi0°t 0§°t
62=399g°2 12-3009°9 00°2
g2e39€2°1 02-3C62°'% 0G§°2
62-3899°1 12-3899°¢ 0g°2
62-3210°¢ 02-3€60°1 0s°¢
62~3184°2 12=3961°L 0§°e
62-3.50°S  02=320€°t  0S°S
62=3€99°C 12=30%6°9 0§°9
62-3819°¢ o02~3t62°t §2°L
62=3146°1 12«3919°g 06°Q

2 dS3y WY9 | dS3H WYP

€t

-t N
- o=t

~NMmeMOrOOC
-

oo eceopd
10+300025°1 sovecey
20e¢300022°1 scess oy SILYNIOWOOD

INO  °*1d°®i30 INJOd ¥3IAI3II3y

$4NS3y 1YNOLLVINIIYI NOIO3Y 3JuN0S
92+3226°t 81=3926°9
82=389¢°1 02=2091°%  0¢°

L2:3020°T  6la30ileg 0L°
12-3690°8 8le=3090°C 00°1

€1l
21
1

100




S

K

2=

- e

SS 42=38E9°y  O1=ALUL°T 00'2 6

=3 12-3cL0°€ B[=3690°T 08°2 ¥

<SS 82=3059°€  6l=30%2°1 ¢8°2 ¢
82-3588°S  61=3598°1T uS°C 9
82-318€°€ 02=312L°6 0S5°y §
82-3204°S  61=389%°1  05°S ¢
82~3266°C  02~30%L°8 0%°9 €
82-3.88'y el-3€21°*1 s2*L 2
82-38€2°1 02e3l69*2 0g's I

2 dS3y W9 1 4S3Y wvo
OO OOQQHI&

102300091°6 XYY
20e300022°1 seeetsy SILYNIQYOLD

Omf{ °*14°L30 ANI1Od ¥3IAL13IO3

101

SLNS3y TYNOLLYINIIVI NoT93N IOuNOS

L NoI93y 3y4n0S 803 s1nsIy GALVINIWI

90~369L°1 Ti=34%e°1

Lu=3969°L 2i=39wWE°E *o ot
Lu=3890°9 21~=3162°S )
L0+3090°'2 21=3G22°2 ‘0 9
B0=3619°8 21=3560°1 0 ¢
80«3E99°9 €1=-3868°%6 ‘0 9
80=32€€°2 . €l=-38LL°E ‘o §
60=30(8°% +¢l=3522°8 ‘0 ¢
6Ue3IBLE’T  9ledvs5e*? o €
11=3129°y 9i=3996°8 ‘o 2
2:i=366€°t Lle398L°2 0 1

2 *Ln3N T *4naN
.° ....Mx‘



200300022°1  *°°**°**y S3LVN1Q800)
oML °1d*i30 INIOd ¥3IA13II3w

SISy TYNOILYINIIVI NOIO3YW 3DuN0S

82=3SE1°9 ele3vde°l

1e=3682°€ 22-3tvo°t oe* €1

0t=3E29°¢L 1e¢=3Ll8*2 oL° 2t
82=3€02°t 02-3068°y 00°t It

62=3G6E°C  02«3%62°t 08°t 01

62=3G08°2 02=36E0°T 00°2 6
8230491 02-3€1l°s 0§°2 ®
62=3286°l  12=35tL°9 08°2 ¢
62%39€0°%y 02=3€62°l 06°€c
62=3926°2 1e=3Tuv’s 06’y &
62+3896°S 02=3lES°T 08°s ¢
62=320€°y  02=3050°1 0§79 € g
62+3266°9 (02=3518°t s2°L 2 padt
62-3198°1 12«3€00°y U§°8 1

2 dS3y W9 | dS34 wWY9

-O oooonl&

ﬁQQMOOQQﬂOO ......N
20+300022°1 seessey §3L¥NIQUO0I
Omi °*1d°130 ANJOd ¥3AI393n

SLMNSIy NYNOLLVINIIVI NOID3IY uuabcn

gz 92-311¢°2 8l=393E°8

ES g2-3124°1 02+3692°§ 0€° €Y

=8 12=3982°1 6l=3299°¢ 0L 21

2s 12.3208%6 ©1=2092°€  00°1 (1
L2-356€°1 61-3126°6  08°T 0T




@ Astronuclear
Laboratory

92=3968°9 e6l=398C%2 vs'2Z
62«=31uv*8 (02-3%§8°2 082 ¢
82=32E9°1  02=3L8S°y us°C ¢
62~3896°8 02-3089°2 06’y S
B2=3€60°1  02=3SY¥°E 06°S ¢
62+3696°6 0¢=362€°2 0§°9 €
82-3G1c°T o02-3220°t S2°L 2
62=38LE°C l2=3E%E°L 0g°9 1

2 4634 W9 | 4S3W wWYO

oc o..ohI&
NO.NOOOOO.— o-ooooN
20#300022°t srescty SALYNIQEOULD

33uM1°1d°130 ANJOd H3AI3IOIY

103

S4NS3y TYNOILVINIIVI NOIO3M 3JuNOS

T NOI93w 32Mn0S ¥04 SLINS3Iu Q3ILVINIIND

90=39¢i1°%2  1l=3Le9°t
L0=318€°6  2l=avll’y s0 ot
L0=369€°L 21~300%°9 0 6
L0=3€e9°2 21=31@#9°%2 ‘0 s
10=36€0°1  2leasle’l 0 L .
80=3E68°L 21=3941°1 0 9
80%308L°2 E1=3S56v°y ‘0 s
60-3199°S  ¢1=3999°% 0 v
60°3L19°t  9l-39i0°2 0 €
1le3L59°S Gi=3660°1 0o 2
21e326L°1 Lle3ElVeg 0 1t
2 *4NaN L *4naN
20 ecee [Md
103000916 sceeseg



Astronuclear
Laboratory

®

338N °1d°130 INIOd ¥3A13I3u

SLINSIy TYNOLLYINIIVY NOIOIY 3JWNOS

$1INS3y YNOLAVINITYD NOIOIYW 3JuNOS

L2=396E€°Y
0€eil699
823€19e 1
42a3996° 1
82-3€E9°2
82«391L%6

82=3Lv¢g°l 02=39%2°
2¢=3942°1  ¢2=3€68°C
1€=398L°6 28-3919°¢C
62-3668°1  t2-32€2°L
0€=3L09°9  [2=3v9v°2
0Ew3gL8°S (2=38L1°2
62=38.2°¢ 02=31v1°1
0E=3Evs°y  12=3086°1
0€=3028°6 t2=39vl°¢
0E=386v°L  (2e3€91°2
62+3866° 1 12=3110°%¢
62+3.91°1 12=386L°2
62=39iL°1 12=3L40°%
0E=3€20°8 12=3260°1
2 4538 WY9 1 aS3Y wVP
0° .oo.uxl
NO.UOOOQO.ﬁ .o...oN
20+300022°1

~NMmenNOrL O

seesety g31UYNIQUOOD
23uMA*4d°430 ANIOd H3IAIIII

gl=3998°1
122309002
02.3656°§
61366846
6le3900°1
61=3868°¢

oc*
o0ee
00°t
08t
oo0°2

tl
et
it
01

104




]
S5
mr 0€=3460°9 12=3240°2 09'2 4
g 62+%3612°1  [2=3906°C 06°C 9
mw 0E=3941°9  12«32L€°2 06°y S
= 62+3606°T  (2=39¥8°t (05°S ¢
0E=3298°6 1e=3L09°2 06°9 ¢
62%399¢°1  12=36E1°C §2°L ¢
0C=3069°C 22«3986°L 06°9 I
2 dS38 WYD | 453y WY
.o coo.nll

20°300082°2 eeeese
102300091°6 ecesety SIALYNIQNOO0D

¥N04 *4d°430 INIOd ¥3ALI3J3y

S4NS3Y TYNOLLVYINIIYI NOI93M 3Ju8N0S

[Te)
o
1 NOIO3y 3JWN0S ¥Os SLINS3IY QILVINIVI —
L0=32E9°Y 2i=39g9°¢
Ll rTYrt ryx} r L v L T T )
L0=3098°1 €1=3460°8 ‘0 ot
L0=3989°1 21=3062°1 0 6
80=3€19°s €1(=3290° ‘0 ®
go=36le*2 gl=32L0°¢ 0 @&
80~36E0°2 ¢l=32¢0°¢ 0 9
60=3€L0°L Cl~36i2°1 ‘0o s
60=3T04°T #1=3606°2 ‘0 ¢
01=3449°y 61=3289°8 ‘0 €
[T=3899°1l 9le3i61l°C ‘0 2
Cla3lugee 0Bla3lBeey 0 1
2 sLNaN 1 o4naN
° eveeInd

200300099°1 s0e00e7
e0e300022°1 sreses) gdLVNIQYOOI



Astronuclear
Laboratory

®

S1NS3y 1YNOLLYINIAVI NOIO3M 3DuNUS

6¢=3500°1
St=3611°*9
EE=36%0°6
[E=3226°¢E
1E=3962°2
1E~39L0°¢C
0€=3ge1°2
1e=3tlg’c
lE=329€°9
le=36e1°¢L
0c=39L6°1
oc=3s8t°1
0E=3Cy8° 1
{ge3061°S

¢ dS3y wWY9

‘0
20¢300082°2
10,300091¢6

SISy IWNOLLYINITVI NOIOIM 3JuNVS

12=3906°2
92=3298°1
92=3E9€°€
222399E° 1
ce=3lsL’s
22=38E1°1
2223599°,
22=-3sel°1
22=36L9°2
2230L0°2
22+3€50°Y
22e-3168°2
22-36€2°%
22=3821°1

L dS3Y WYO

ooo.n!&
oo.oo.N

~§N ™M
o

~AMN SO T OO~
P

eesaoel SILYNICGNO0D
¥wno4 *1e°i30 AN10d w3AI3J3¥

92+36£0°2  02-3809°9
eE=3902°¢€ v22365L°6
oc=3t6e°l  22-301§°S
6223049°2 02-3560°1
0Ew3029°6  122396G¢C
62.398006 02#3C00°1
62e3L09°% 02e3l9Sel

o¢’

00°1
0s°1
00°2
0s°2

SO O~=NM
=t gt o=d ot

106




62+30e8°1 te=3812%9 U8°e
62+382¢°C (02=3860°1T 08°¢
62232L1%2 12=3662°9 0G°y
62=36L8°C 12+399¥6°6 (0§°S
62236L9°2 1243060°9 08°9
62=368E°E  [2=3i8L°L S2°L
0E~3€C69°8 [23998°1 06°9

Astronuclear
Laboratory

—_aNM SN O™

2 dS3u NYD | 4538 nYO

°0 ¢ceoInd

NOONOOOCN.N ..oon.N
1043000S0°¢€ eceesty GILYNIQHOUD

3AT4 *1d°13G ANIOd ¥3AI3030

$1NS3y TYNOLLYINIVI NOIO3Y 3Junvs

NOI93n 30MN0S ¥04 S1INS3Y Q3ILVINATIVY

107

Lo=3e9(°L gl=38-2°%

80.3829°%% €l.3980°2 *0 0t
80.3118¢€ Ela3E2EE 0 6
BUeJlvd°el Cla3E95°1 ‘0w
60=3285°9 ole309c°g 0 ¢
60=3020°9 ¢1=30L6°6 0 9
6031092 9l=3E12°% 0 4
01=3L56°S  vi=3610°1 oY
0T=3ev9°l gle=3196°2 0 &
21=3919°S 9l=3680°1 ‘o @
yl-3860°L Bi=3IB6E*T 0 1

2 *1NaN { *LIN3N
seeclnd

[ ]
0
. 20e300082°2 s0e0s0eg
10300091t scsecety SILYNIONO0Y



Astronuclear
Laboratory

SLNS3Iy TYNOLLVINIIVI NOIO3IY 3IDuN0S

62039¢8°2
9€+3688°9
2€=36%1°S
0E=3629°1
1E=3Tu9 e
0€E=30€0°1
0€u3l89*9
1€=36€6°6
0Ce316€e2
0c=3568°1
0E=3990°¢
0E=38L6°2
0€=3248°Y
oc=3€92°t

2 4S3d WY9

‘0

20+300002°2
10¢300050°€

$1NS3y WNOLLVINIVD NOIO3Y 3JuN0S

12«32 v'¢
G2«3860°2
€2=3€E06°1
22-3512°%9
22=3l11c’e
22=3918°¢
12e352€°2
22uILib ot
NNGUﬁﬂmoF
22-3569°S%
12=3290°t
22+3492°L
12=3150°1
22e39%4°2

L dS3Y wve

esesInd

......N

—“MmenN O~ VO

ssscoey SILYNIGYOOD
3AT4 °Ld°1i30 AN1Od ¥3IA1IJ30

9203L49°9  ele3vp2°2
le=3019°¢ 2223660°1
0E=3999°8  [2=36E1°¢C
82=3L2¢°1  0243990°S
6223.96°€ 02=319¢C°1
8230041 02u301€e9
92e3L6€°1 02e3298°¢

el
1
ot

108



Be=30v8°y  6l=38¥2°1  06°S
82=3040°C  02%3299°L 0&°9
82-3G91°y yc=3695°6 Se°L
02«39G0°1 ué~3462°2 06’9

- 0.

2 oS3y W9 | dS3y wvo

@ Astronuclear
Laboratory

.e ....ﬂla

10+300025°1 AR AR 4
€04300022°1 secseceyd SILYNIQUOOD
ANO  “L1d*130 INJO9 ¥3A[3I3n

398N0S 03493738 ¥3A0 VL048NS

SNOI93y 3Jun0s 40 L3SBNS ¥ HIA0 SLINSIY ANYWWNS ILVIQINNILNI
ATVIATLI3dg 30 (NOULININ) Suund/SwVHD 00021 ONY (AVY YWwYO)ISHLIYY 3344 NV3IW °0 30 §832x3 NI

SNOTLIVINIIVY HION3T HiVy €92  ONV 8266  N3I3E SV 3y3N) S INIOg 90194130 OnV 1 NOI93y uuc:om a04
LO0=3L99°E 2l=388¥°%2
L043669°1 E£1«3966°9 0 0%
Lo=3L12°T  21=3190°1 ‘o o
8u=3219°y ¢l=3Tu6’y ‘0 ®
80=3220%2 €le39LG%2 ‘0 ¢
goe=3oy .t €le3629°2 ‘0 9
60=3111*°L E1=3261°1 ‘o S
60=3196°1 9(=36992 ‘0 v
0I=3505°%  Sle3610°%8 ‘0 €
[1=39ig°l 9l=31v6°2 o ¢
€i=3999°2 gla3gvees 0 1

2 *iNnaN L *iniN

*0 s0eslid
NQOUOOOON.N (XX LR LY ]
10e3000S0°¢E stecety SALYNIGYOO0D

109



Astronuclear
Laboratory

4ouN0S 03193713S ¥3A0 VL0LENS

30un0s 034237135 H3IA0 IVL0L8AS

92=3226°1
QN-NO@ﬂ.ﬁ
L2-3020°1
Ledu3te0e8
L2e3L510 1
Lee3liBeE
L2=30uG*2
82-31L0°¢E
8CwiSLOY
8Ze3v99 2

~“NMeINO™ T C ~NM
et -t

sceessy CILYNIQNO0D

8lei926°9
ON'UCOﬂ.’
6la3d0LLeE
8le3890°¢
6la30ivey
inwWMQQH
61l=3046°8
6ladvebel
0¢=38v2°8

14

oL

00}
0§t
002
06°e
Vg*é
05°¢€
0s°y

ge=39v1°s o6l=3579°1
l€=3219%2 €2=35886°L
0E=3261°9 12=38082°2
62+3048°%6  02=399L°C
62-3L18°2 0¢=39L0°1
62«399€°2 1¢=3099°8
g2e3vt2° | pe=3E062°'y
62=34¥99° 1 12=3899°S
62-321¢°C 0ee3E00°1
62«3189°2 teea96l*y
62=3490°S 02=320€°1
62=3€99°¢€ 1é=30v6°%
62+3819°S 02=3162°1
62=3116°1 12e39lecg
2 dS34 W9 | dS3H WV9

‘0

10¢300025°1

20+300022°1

4NO  *Lid*13u INIOO W3A13934

tl
el

LA

verao

110




823266 ¢ 02309448 06°9 ¢
82,3488 6la3€21el §2°L ¢
se~38€2°1 02=3169°2 vg°s 1

@ Astronuclear
Laboratory

2 dS34 nvd | 4S3H wvo

*0 s000Ind

1043000916 soeesey
20,30002¢2-1 scesscy SILYNIUNOO0D
oML *1d°4i3Q0 INIOd ¥3ALI3I3n

39uN0s G34933713S ¥3A0 vi0468NS

11

SNOIO3N IN0S 40 L3SONS V HMIAO SLINSIY AUYWANS FLYI0UIWHILNI
90=3692°1  1i=3l%E°1

L0=3969°L 21=39¢€°¢ 0 o1
L0=3890°9 21s3162°s ‘0 6
LV«3090°2 21«3§e2°2 ‘0 ©
80=3619°8 21+3560°1 0 ¢
80=3€99°9 £1=3068°% ‘0 9
80~32€€°2 €l~384L°C ‘o s
60=30(8°y el=3522°% ‘0 o
60=38LE°T  91=3959°2 o €
(1=3129°y 9l=3iv96°"9 ‘o @
2i=366€*T Ll=306.°2 0 1
2 *LNaN L o*LnaN
.O QQOOﬂI‘

ﬂ°.U°°°~m.~ ..OOOON
20+300022°1 seesoty SILYNIONO00D

3NO *1d°*l3V INIOd H3A13J3



Astronuclear
Laboratory

29un0s 03423735 ¥3A0 VLI0LENS

ge=35t1°9
le=3gue°t
0E=3€¢9°L
g2=3¢02°1
62=36b¢°¢E
6e=-35vuB*e
g82=30Lv° 1
62=3286°1
62=39E0°Y
62=3v26°2
62=3696°S
62=320E°Y
62=3265°9
62«3198°1

¢ dS34 w'9

°0

109300091°6
20e¢300022°1

Om}

298N0S U3423713S ¥3AU Vi0L8NS

9ze3L1E%2
B2e3l2Lel
Lza3982°1
422320806
L22356€°1
L2.38E9 ¥
L2=3ELO0°E
8223069°¢¢€
82-3588°6
g2=31sE°€
g2=320,°s

el=399%06°1
22=3100°1
1é=3L18°2
0€=3005°
0e=356¢°1
0e=36€0°1
02=3tltl’g
12=35EL°9
oé=3E062°1
12=3lue’s
p2=31E8"1
0¢=30580°1
0e=3Gis°t
1¢=3EV0°%y

L dS38 wWY9

veeelnd
....OON

CoC—~NM"
- vt

—_ NN e ~a

svecesy SILUNIQEOVLD

gle483c "y
0¢a3EvES
6la329909
8l.309L €
6lalldEes
Qﬂ.WFﬂF.ﬂ
Blei690°1
6la3lveel
02=31¢L%6
ol=3g9¢°!

0Ee

0Le

001
0s°1t
00°2
0s°2
02
0§°€
0%y
Ug'g

*31d°13u INIOG ¥3AL3II3

tl
21

(A

¢  Noe~a o

112




@ Astronuclear
Laboratory

82+3G1E°1 pe=3220°¢ s2°L ¢
62+384LC°E  12e=3EvE°L u§’s 1
2 453y WY9 L dSIY wve
.° ...0&1“

20¢300089°1 sssevey
20e300022°1 sseesey g3 UNIQUOUD

J3UMLL40°130 INIOY H3IAIIO3n

39un0s 03133738 ¥3A0 vi0i8NS

SNOIO3y 3JuN0S 30 L3ISBNS ¥V ¥3A0 SLINSIH ANYWANS 3LV IUINHILNI ™
90=39c1°2 Tl=3Le9’l -
L0=316€°%6  21=3911°% ‘o ot
Lo=2369€°L 21=3809°9 ‘0 6
L0=3Eue*2 21=3189°2 0o ®
10=3%€0°1 2l=asig*t ‘0 ¢
go~3€68°%°e 2le39L1°1 ‘0 9
80=306L%2  €1=3559°y 00s
60=3199°S *1=3999°% 0 v
6U*3L19°T  wiejuis’e ‘0 €
11=3269°G GI=3040°1 ‘o ¢
21=32€4°1 LiedEle’g 0 1

2 *AN3N T *inaN
oo co..ull

100300091°6 AR L AR 4
20+4300022°1 sosoc oy SILYNIQNOUD
OMp  *14°130 INIQo ¥3IAIIJan



398N0S 0349373 ¥IA0 VL0LHNS

82=3L9E°l  0¢=3992°y

2€.3812e1  92.3tbWeL OE* €1
1€=a398L06 2239196 OL°* 21
62=3668s 1 12e3teel  00°1 11
060320969 T2.3999e2  08°1 01
0€.3648¢6 12.36L1e2 00°2 6
62=39L2°C 02=31vl°*l 0g°2 W
0g~3€96%y 1c=3L8S°1 08°2 ¢«
0E=3028°6¢ 12=3991°¢C 0S°E 9
0t=38Ge*L 1e=3€91°2 s’y §
62=3866°1 1e=3110%y 0S°S ¢
62=3L91°1 12=396L°2 0§°9 €
62=39LLl°T 12=3LL0°y S2°L ¢
0€=3€20°G 12=3260°1 0s°8 1

2 dS3y WY9 | 4534 wvo
) ssectnd M

20¢300089°1 s0e0002
20+300022°1 ecvesy §3LWNIQUOOD

334ML°*14°130 INIOd u3IAI3I3Y

394N0$ 0340373S ¥W3A0 vioians

®

12=396€°y gl=38v6°1
0€u3L69°9 12u309002 oece et
82.3€19¢1 02,3686 0OLe 21
1239961  6la3€68e§ 001 11
82.3€€9¢2  61a3%00e1 0ge1 0t
QN'UﬁﬁF.O Oﬂ-Uoom.ﬂ °°.N -]
— 8203958°9 61a3d96C02 05°2 @
S > 6231008 02439582 08°2 &
8- g2u32teel 02u3lBGey  06°E 9
26« 6243896°8 02a3089¢2 08°y S
m s 82u3€69e 1 02u3G%0°€  0G°S ¢
2 m 62+3596°6 02=362t°*2 06°9 ¢




0€=3069°C 2¢~3986°L 058 1

@ Astronuclear
Laboratory

e dS34 WYD | dS3Y wvd

.° ....ﬂxa
20+300082°2
100300091°6 seeseoy S3LYNICGHOULD

¥N04 °*1d°130 INIOd u3IAI3V3n

338N0S U310373S ¥3A0 VLI048NS

SNOTO3H 308N0S 40 L3SgNS y ¥IA0 SLINSIY AUYWANS 3Ly l1GINEILNI b

L0=32E9°Y 2l=39gy°t

L0=3098°T ¢€l=3L60°% 0 o1
L0=3489°1  21=3¥be*1 NG
Bu=3E19°S €£1=3290°9 ‘o ®
go=36(v*2 €1=32L0°¢ ‘0 ¢
80-36E0°%2 €le32€0°¢ 0 9
60=3€ELB L El=3GL2°1 ‘o S
60=3t0L°Y 2l=3606°2 ‘0 v
o1=3248°y G1=3289°y 0 €
[{=38¢9"°1 9l=yi6l'c o ¢
Ele3lveg®e Blejluee, 0 1

2 eiNniN 1 *4iniN

.O ...ana

20+300089°( scee0e
20¢300022°1 ecssecy SILYNIUNOLD
JWHL Ld®°43u LINIOd HINI13IJay



Astronuclear
Laboratory

®

<0+3
103

62=3%u0°1
St=3G11*9
CEaItV0e6
1g=3228°¢€
{€=3v02°2
tE=3920°C
0Ee=3G59(°*2
TE=311c°¢
le=329¢°y
le=3GET°¢L
0E=39i6°1
oe=3gei°l
0E=3€v8°
le=3vel’s

2 dS3y wWv9

‘0
oouee 2
cooow.o

1c=3y 6°2
9d=3éveel
[T 18 IX 1Y
22=399t 1
te=31S8L°%y
2¢=38E1°1
224599,
2¢=3621°1
22+36L9°2
22-30L0°%2
22=3E90°%y
2¢=3168°%2
2¢~36E2°%y
2¢=3821°1

L 4538 w¥9

©*eclnd

—t et ot ot

- NMe N L CC~NC

ey SILYNIQH0O)

HN04 *10°130 INIOd 83AI3V3Y

394N0S 0342373S ¥3IA0 VL018NS

82=36L0°2
26=3902°¢C
0c=3Tee°l

62«30L8°2 -

Ot=3d52e9°%6
62=3980°S
62=3L89°Y
0E=3L60°9
62=3612°1
0Ot=38L1°%
62«3608°1
0ta32986
62-399¢€° 1

v¢=365L°6
2¢=301G8°%g
02=-3500°1
le¢=3905°¢
02-3cEB°t
0c=319s°1
1¢=3240°2
12-39v6°E
1¢=32LE%2
1¢=3988°¢
—leboﬂoN
12=36E 1€

£l
A
it

Ll N ol O N
o~

116




Astronuclear
Laboratory

2 dS3y WY9

[ )
0
20+300082°2
10,3000600€

| dS3Y WV

seee g
....QCN

eceoeceld SILYNIQNOUD

3A14 *Ld°130 AIN]1Od H3IAIIO3B

398N0S 03493713S Y3IA0 vi0i8NS

Lo=308v1°1
80~38¢9°y
80=3(t8°¢
90%3L99°1
60=23286°9
60230209
60=3109°2
01=3L56°S
0l=3€99°L
21=3619°g
yl=3860°L

€ *1NaN

0
+300082°2
00

20
103000916

SNOIO3Y 3J8N0S 40 L3ISANS V W3A0 SLINSIW ANYWWNS FLVIQINGILNI

£l=360¢2°6
gl=3980°2
gi=3gee’e
El=3E96°1
9i=309¢€%s
ei=30L6°8
vle3ci®y
»1=3610°1
gl=3196°2
91=3680°1
gle3goe*l

® e & 68 8 s 00
oo oCcCcocoCcCC©

—Nr O~ T 0 C

L *LlnaN

....ﬂln
.OOOOON

sceesey SIJUNIUYNOUD

8N04 *1d°®130 ANIOd ¥3IN1IFV 3

398N0S 03433138 ¥3A0 violens

o)

17



Astronuclear
Laboratory

®

6Z=39e8°*e
9E-3688°9
2e=369%1°S
0g=23629°1
te=3189°8
0€=30£0°1
0E=3189°9
lE=36£6°6
vE=3lsE*2
VE=3568°1
0E=39v0°Y
0c=38L6°2
0E=32L5°"
vee3e92°!

¢ ¢S3y W9

‘0

20e3o00082°2
10430005G°€

39unos 031237135 ¥3IA0 VL0LHENS

B8c=3L19°9
le=3019°¢
0E=39u9°8
g2=aLec’ |
62=3L96°¢
g2=3%04°1
g2=3L6E€°1
62=30e8°1
62=342e°E
6e=3241°2
62=36L8°C
62=36L9°2
62=368E°E
0E=3Eb9°9

1é=32 ¥°'v
Ge=3860°¢2
gé=3kve°1
2¢~3512%Y
2e=31le’e
2¢=3918°¢
12=382¢8°2
2¢=3LiEE
2¢=31eS5°L
22+35069°§
12=32%0°1
2¢=3892°¢L
1¢=3150°1
22=399L%2

L 4534 wWv9

*eeelnd
..0.0.N

- N
—

—Or ¢ nT~axoc
-

sceseey oILUNIQNOUD
IAT3 *Ld°130 AN1Od ¥3INI3J38

ol=3vge*e
22=-36060°1
1e=3se1°¢
0¢=39%0°S
02=319e°1
02=301€*9
(TAXTAL AR/
1¢=3812°%9
0é=3800°1
12=3662°9
(2=3986°6
1¢=3080°9
12=3bL°L
[é=39v8°1

Lk ol ol

—~—A U T CTC ~NM

118




2 dS3M WYY | dSH48 V9

LT LAXED F¥F7)

o~ ooo.o.N

sl seesecy S3LYNIOQNOULD
IN10a ¥3N13040

Astronuclear
Laboratory

SNOI93y 324n0S Vv H¥3IA0 NOILvwWNS

SNOTO3Y 39uN0S 40 S13SANS 1V H3A0 SLINSIH AUYWWAS IALLYINWNAD
Lu=3L99°¢ 2l=3688°%¢

L0=3669°1 €l=3965%9 ‘0wt
Lo=3212°1 2l=3190°1 ‘0 o
Bu=3219°y Ei=31v6’y ‘0 © W
8032202 E€le=39L§°2 ‘0 ¢ .
80=3e92°1( €l=3629%2 0 9
60=3T111°L €l=32sl°1 0§
6L=3196°1 vi=3699°2 ‘0 v
0I~35U6°y Gl=3610°g ‘0 €
11=391s°1 9lealve’2 ‘o ¢
€le3999%2 glejgyees 0 i

2 *1NaN 1 *in3N

o° OCOQNIQ

NOOUOOOQN.N oo....N
10*3000S0°¢€ sceseny SILUNIQNOOD

INDd *Ld°L30 ANIOd wIAI3IVIn

378N0S 03493713S ¥3A0 vi048NS



Astronuclear
Laboratory

0300025
0e300022

g2=38%1°s
1g=3219°2
0c=32061°9
62-3048°6
62-3L18°2
62=399¢°2
ge2=39c2°1
62+3899°1
6¢=321¢°¢
62=31uv*e
62=314S0°S
62=3€99°¢
62-3819°%
62=3t¢s°1

¢ dS3Y WY

. O

§NO193y 328N0S 1V 83A0 NOILVWWNS

9e=32¢6°1
ON.UOCH.ﬁ
122302001
L2«3E90°8
L2=3L0l"*1
12=3LL8°C
L2=30u86°2
82=3140°¢C
g2~35L6°Y
g2=3ev8°2
g2=38%78°y
#2=3060°€
82=3G9t°y
82-3950°1

ole3lsve’l
ceseeSess
€2u3656°L
12=3982°2
02=399L°¢
0¢e«3vi0°l
12=3089°8
02=3C62°Y
12=-4899°%
vé=3E00° 1
1e=3961°L
pe=320k°t
1¢=30v6°0
02=3162°1
1e=3919°¢

I 4534 wvo

Q...ﬂxu

OQ...‘N

vE*

oL

00°1
0s°1
00°2
0’2
Vg2
06°¢
s’y
08°S
08°9
s2'L
ve’e

—Mm e QT O

etsssey SILUNIQHOULD
ANIOd ¥3IAL13234

¥l=3926°9
ON.UQOH.‘
6la30Llet
8la38900t
6l=3819°%
gle3ste*l
61=38L6°%8
6l=39v0°1
6l=3969°1
0Z=38ve°%
6l=38%2°1
0¢=~329v°L
0¢=3699°6
Vee=3iL 622

t1

C e\
-t o=t o=t

—_nmenCra o

120



¢ dS38 WYD | dS38 wvo

*0 ¢ lud

103000916 bR 4
¢0e¢300022°1! sssccy GHLIYNIONO0D
INIOd B83IANI3038

@ Astronuclear
Laboratory

§NOI93y 328N0S IV 830 NOILVWANS

SNOIOS3W 3IMNOS 40 §43SANS NIV uIA0 SLINSIn ABVWANNS IATLVYINWNAD

20e¢300022°1

sSNOIa3y 328N0S Vv 43A0 NOILVWANS

svess ey gILYNIQNOVD
INIQd ¥3AI3van

Y0=3692°1  Ti=34vg°l
Ly=3969°L  21=390E°E o o1
L0=38%0°9 21=31062°S% v o
L0=3090°%2 2le=3§ce*2 ‘0 ® —
Bu=3619°8 21=3460°L 0o & o~
H0=JEY9°9 €l=38060°%0 ‘0 9 -
80=32¢€°2 €l=38LL°E 0 S
6u=3018°y el=3622°% o v
60=38LE°L  wi=3989°2 ‘0 €
Tle31e9°y 91=3996°%y ‘0 ¢
2i=366€°1 L1=3982%2 0 1
€ *ANaN L *LlnaN
Qe ...0~1Q
—Oomoocwmun oo-oo.N



Astronuclear
Laboratory

®

8¢=39t1°Y
lE=3%ue’ ¢
Ot=3€c9°L
82.3€veel
62.396€ o€
62.35082
8243049l
62.32u6 1
62239009
6¢=3926°2
62.38%6°S
62=32UE"Y
62=3265°9
62=-3198°1

¢ dS34 WY9

SNOIo3y 2ENOS 1V 53IA0 NOILVYWWNS

92=3L1€%2
g2-312s°1
Le=39%2°1
i2=3208°6
Le=356€°1
L2=38€9°Y
L2=3€L0°E
#2=3099°¢
8&~3568°S
v2~316€°¢€
82=320L°S
82=3285°€
82-3188°Y
82=38€2°1

6l=39%6°1
2¢=3100°1
lc=3L 182
02<300509
0€adblel
0€a36E0e1
véa3tlleg
1€adstieg
0Cu3tbel
1euilbyey
VCudllSel
0¢=3050°1
0¢=3916°1
12=3EV0°%y

L 4538 wvo

oo..ﬁla
......N

ot pu gt

—_OAM IO~ TA O T ™

essso )y SILYNIUNOLD
ANIOd H3A13J3y

gleagut’s
02=3Ev2°S
61=3299°%y
gle309L%¢
ol=3(2€°'S
gle3sis®y
gl=3690°1
sle3092°1
el=35u¥8°t
0e=31eL%6
6i=4899°1
0¢=30vL8
el=3€21°1
0e=3169°2

El

-0,
Kl

—~aNMmeNE~aXT O C
-

122




2 dS34 WYY | d53d wWYO

**eInd

[ ]
0
mwuwwwwmmu~ “.ununw S$3LYN1Q8O0D
ANIOd ¥3A1393u

@ Astronuclear
Laboratory

sNOlody 358n0S v ¥3A0 Nollwwwns

SNOIO3y 3%un0S 40 ¢L3SANS VIV ¥IA0 s1nSIy ANTWWNS IALLYINWND

90=39¢1°2 1l=3429°1
osetaenee wesoa®pecs
L0LITGEes  21.3911ey 0 Of
L0=369€°L 21%3004°9 ‘0 6 ™
LO0=3cBe%2 21=3189°2 ‘0 ® N
L0=38€0°T  21=3sl€°1 o ¢
80+3€68°L 21=39L1°% ‘o 9
80%308L%°¢ C€l=365%°y 0 s
60=3199°S  91=3999° ‘o ¢
60-3L19°t  +olezele‘’? ‘o €
[1=318¢°S S1=3650°1 ‘o 2
2le32¢€L°1 Li=3cle’g ‘0Ot
2 *iINaN T *iniN

0° -...ﬁx‘

100300091°6 AR AR /
2043000221 sesovecl SALYNIQWOOD

IN]Od BaAATIOFHY

SNOIO3Y 32UNOS 1TV ¥IA0 NOILVWWNS



Astronuclear
Laboratory

®

gé«3L9¢€°1
ohboeooans
2e=38L2°1
1€=396L°6
62=3668°1
0€a3L09e9
0€.3648§
62.38L2+¢
0€=3E9G "
0E=30¢8°6
0t=3859°L
62+3895°1
62=3ivl°1
62=39ll°1
0ge=3820°S

2 dS3Y WY9

°0

20+300089°1
20+300022°1

gNOlo3n 308n0S 1V u3IA0 NOILVWANS

L2=395¢°"
0€=3169°9
82=3€19°1
L2ze3ves°l
82+3€€9°2
82=391L°6
82-3968°9
62=3109°8
82=32ty°1
62+3895°9
82=3t69°1
6223595°6
ge~3sle’l
62-38LE°€

023992y
rY e L LT
92=3€68°C
22-3919°¢
12=32€2°¢L
1Cea¥¥¥e2
12a35L1e2
O&lUﬂ‘ﬁom
123086
1e=39%1°¢

12=3E91°%2

1e=3110°%
[2=3864°2
amlwbboqc
12-3260°1

b dS3H WY

—_ SO~ O

ANIOd ¥3AI393H

gleag¥sel
[2=3090°2
0¢=3656°S
61=3E68°S

- 6l=3900° 1

61=3808°¢
ele398€°2
02+3959°2
02=3L8S°y
02=2089°2
0¢»3598°¢
02=362€°2
0e»3220°¢
12=3€9€°L

-t gt et =t

~AMEeN O+ DO~ NM

124




e dS3Y4 WY9 | d4S3Y wYo

Astronuclear
Laboratory

.° ..O.Hl‘

20e300082°2 stessey
10+300091°6 scecccy SALYNIONO0D

INIOd H¥3AL1303d

SNOI93y 308N0S 1V ¥3IA0 NOILVYWWNS

SNOIO3IM IJMNOS 340 S43SANS TV ¥3IA0 SLINSIH ANYWWNS 3IALLYINWND
L0=32E9°y 21=39g9°¢

4023098°1 €l=3L60°¢ 0 ol

L0=3984°1 2l=3902°1 0 6

80=3E19°S €1+3290°9 0 ® Q
80~361¢°2 €le32i0°c ‘o 4 -
80=3gE0°2 cl=32¢€0°'¢ ‘o 9

60=3€28°L €Elw=35e2°1 R

60=3104°1L ele36l6°2 ‘0 v

0tl=3248°%y Sl=3289°% ‘0 €

T1=3899°T 9le3lbl’c ‘o @

€le3lvg*t R T T ANS *0

2 *LNAN U *LnaN
oo oo-onxu

20+300089°( seeseey
200300022°T  ***¢*%y §3LYNIQNOUD
LN10d H3A1303u

SNOIo3n 3J8NOS v uIA0 NOILVYWWNS



Astronuclear
Laboratory

62=3500°1
SE=3611°9
€E=3690°6
lg=3226°€
TE=3902°2
l€=39L0°C
ot=3gv1°2
1e=3tlc’e
1E=329¢€°8
te=38€1°4
0E=39L6°1
0E=~3s81°1
0€=3gv8°L
tEn3vetles

2 dS3y Wv9

‘0

20°300082°2
100300091°6

sNOIo3y 328N0S IV HIA0 NOILVWWNS

82«36€0°2
2e=3902°¢
0E=3169°1
62=3048°2
0€=3824°6
62°3980°S
62=3.L9%°%
0€~3460°9
62=3612°1
0C=38L1°8
6223606°1
0€=3298°6
62=399¢€°1
0€=3069°¢C

12«39r6°%2

92=3299°1 o0€* €1
y2e3tvE'E 04 el
22=39%¢°1  00°1 11
ce=3184°8  0§°1 ot
22=38¢€1°1 00°2 6
22=3599°, 08°2 ®
22=3621°1 ve®e ¢
22+3649°2 0S°€E 9
22=3010°2 uS°y S
22=3E50°y  0US°S ¥
22=3160°2 06°'9 €
22436€2°% s2'L 2
22-3021°1  0s°s |

I dS34 wWVv9
seecInd
OOCOOQN

seessey SILYNION00D
IN10d ¥3AI3930

0c~3% 8°9

swsmotans

v2e365L°6 OC° £t

22=3018°s 0L° 21
02=3660°T 00°T 1Tt
12=3966°C 06°t 01
0C=3EW8*T  00°2 o
02=3196°t 06°2 ®
12=3240°2 08°2
12=3906°c 0G°€ 9
12=324€°2 05°vy S
12=3986°c 06°S v
12=3L09°2 0§°9 €
12e36C1°¢ 62°L ¢
2223986°L ug*e

126



Astronuclear
Laboratory

®

2 dS34 WY9

‘0

20+300082°2
104300060 °€E

SNOlo3y 324n0Ss IV u3A0 NOLLVWWNS

Lo=3uel’l
80=39¢9°%y
g0=3l18°¢
80=3299°1
60«32856°9
60=3020°9
60=3109°2
01=3.56°S
01=3€99"°1
21=3919°¢§
v1=3860°L

2 *LNaN

€¢0e300082°2
10430009146

SNOI93y 328N0S 1Iv 83A0 NOILVWWNS

t dS3Y Wvo

stecind
OQQOOON

eceeocy SILINIQHOUD
INIOd ¥3IAI3IIIY

SNO193y 3uNOS 40 $i3SANS 1V HIAU SLINSIH AUYWWNS IALLYINWAD

cle36r2®

cle3980°2 0 0
gle3g2e’c 0 6
El=3E96°1 0 u
vla309¢’e °0 ¢
vl=3046°8 “o 9
vl=3g12°% 0 s
v1=3610°1 0 v
gl=31ye6°2 0 €
9i=3680°1 ‘o ¢
gl=386€°1 o I ¢

1 *4n3N
O...MI‘

QOOOOON

seccoed SIALYNIUYO0D

ANIOd ¥3AL1AD3n .

-

127



Astronuclear
Laboratory

®

0¢30008
03000S

62=239€8°2
L T LI Y 1 ]
vE.3688°9
2Eaibrl S
0€=3629°1
te=3tu9°8
0€=30€0°1
0€=3189°9
1E=36E6°6
0E=316€%2
0€w=3568°1
0E=39%0°
0t=36L6°2
0E=3248°Y
0c=3€92°1

2 dS34 WY9

"N O

.
N.
Qe

gNO1o3¥ 3JUNOS v H3A0 NOLLIVWWNS

82=3L49°9
lE=3019°¢
0E=3909°8
82=3.¢2¢°!
62-319S°¢
8e=3v0L°1
g2e326€°1
62~30€8°1
62=382%°¢
62=3241°2
62=3648°€
6e2=36Lv°2
62«368E°C
Og=3t0¢*8

12=321v°g
cToapheom
$Ca386042
€23kl
22=3512°9
22=-311le’e
2¢=3918°¢
12=392€°2
2eée3llc’e
2e=3tie*yL
2€=3569%°S
1e=32%0°t
2e=3892°¢L
[e=31s0°t
2ce39¥%L%2

I 453y wvo

seoslnd

-.....N

£l

- N
-t o=t

“AMeENTrrTOC
—

ssesos )y SILYNIONOOD
ANIOd ¥3IN[3J30

6l=39p2'2
22=3660°1
1e=3GE1°E
0¢+3990°S
02=319¢°1
0¢=301E*9
0e=3298°y
1e=34812°9
0e=3¥b0°1
1¢=36062°9
12=3966°6
1¢=3060°9
1¢=3L8L°%L
12=3998°1

- M
-t -t

—~NrenTrTOC
-t




@ Astronuclear
Laboratory

c' C'C'

SMOT104 SV QaVd Yivd LNgNI N1 noaal

Lu=3L99°C Zi=3688°¢
Lo=3669"°1 El=3969°9 ‘o vl
Lo=3L12°1 2l=3190°1 0 ©
BU=3219°y  El=3lv6’y 0 o
Bo=3L20°¢  El=49L8°¢ . =
BO=399,.°1 El=36¢9%¢ 0 v T
60=3TT1T°2  El=desl°] ‘0% .
60=3196°{ 7i=3699°2 ‘o » —
01=4908°%  Si=3610°y 0t
[1=4915°1 91=31lv6°%2 0 ¢
£i=3999°2 gl=d4gvd*s o 1
¢ *1N3N i *1N3aN
OO oocomIQ
NOO&OQGIN.N oo.oooN
10¢300080°E ecee®y SIALUNLIQUUULD

AN1Od H3inlFu4a

sNOI9dy 328N0S 11V 43A0 NOILVARNS



Astronuclear
Laboratory

SECTION

7.0

L

9.

REFERENCES

Malenfant, R. E., et. al., QAD Shielding Program, Los Alamos Scientific Laboratory,
LASL-N2-7150.

Edwards, W. E. et. al., Shielding Computer Programs 14-0 and 14-1, Reactor Shield
Analysis, General Electric Co., ANPD, XDC 59-2-16, January 23, 1959.

Evaluation of Methods for Computing Nuclear Rocket Radiation Fields, Lockheed Georgia

Nuclear Laboratory, ER 8236.

Capo, M. A, and Woodsum, H. C., Second Status Report of WANL Shielding Standard
Design Method, Westinghouse Astronuclear Laboratory, WANL-TME-1466, March, 1967.

Capo, M. A., Gamma Ray Absorption Coefficients for Elements and Mixture, General
Electric Co., ANPD, XDC 59-10-19, September 28, 1959.

Capo, M. A., Polynomial Approximation of Gamma Ray Buildup Factors for a Point
Isotropic Source, General Electric Co., ANPD, APEX 510, November, 1958.

Krumbrin, A. D., Summary of NDA Unclassified Results of Moments Calculation for the
Penetration of Neutrons Through Variows Materials, Nuclear Development Corporation
of America, NDA 92-2, August, 1957.

Storm, E., et. al., Gamma Ray Absorption Coefficients for Elements 1 Through 100
Derived from Theoretical Values of the National Bureau of Standards, Los Alamos
Scientific Laboratory, LA=2237, November, 1938.

Reactor Shielding Design Manual, Editor, T. Rockwell, 1956.

131/132



Astronuclear
Laboratory

APPENDIX

Presented here is a listing of the FORTRAN IV Source Program for the KAP-V
code for use on the IBM 7094 computer.
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